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Background 
CHAPTER I 
INTRODUCTION 
From a concept which was either unknown or unspecified 
a decade and a half ago, criterion-referenced testing (CRT} 
has grown to one of the major sources of attention (and 
controversy) in American education. The idea of asking ••. 
"What can this student do?" has been widely adopted as a 
more useful question than ••• "How does this student compare 
with others?" 
A variety of such criterion-referenced decisions are 
being made in the public education system .••• for diagnosis 
of individual achievement, for certification of minimum 
competency, for educational program evaluation and for 
numerous other purposes. All branches of the Armed Forces 
have implemented a systematic approach to technical 
training which is based on criterion-referenced decisions 
regarding student progress. Licensure of nurses and 
physicians as well as certification of apprentices in 
industry is based on candidates• performance on criterion-
referenced examinations. In short, the use of this new 
decision making tool called criterion-referenced test-
ing has proliferated. 
Considerable confusion and misunderstanding appears 
to exist in the educational/psychometric community con-
1 
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cerning what a CRT is and what it is not. The terms 
"criterion-referenced tests", "domain-referenced tests", 
"objectives-referenced tests", and "mastery tests" have 
all been used with reference to tests in the general area. 
It is not the purpose of this paper, however, to explore 
the (sometimes quite significant) differences between 
these various approaches to testing. This has, in fact, 
been done by Millmanl and other writers. 
The essential difference between norm-referencing and 
criterion-referencing is that a student•s performance is 
interpreted, in the case of the former, with respect to 
other students and, in the case of the latter, with respect 
to some set of predefined behaviors. Alkin has recorded the 
three most widely applied definitions of a CRT. These are: 
1. A criterion-referenced test is one that 
is deliberately constructed to yield 
measurements that are directly interpretable 
in terms of specified performance standards. 
Performance standards are generally speci-
fied by defining a class or domain of tasks 
that should be performed by the individual. 
(Glaser & Nitka, 1971, p. 653) 
2. A pure criterion-referenced test is one 
consisting of a sample of production tasks 
drawn from a well-defined population of 
performances, a sample that may be used to 
lJason Millman, "Criterion-Referenced Measurement," 
in Evaluation in Education: Current Applications, ed. by 
W. James Popham (Berkeley, Cal1forn1a: McCutchan 
Publishing Corp., 1974) 
estimate the proportion of performances in 
that population at which the student can 
succeed. (Harris & Stewart, 1971) 
3. Criterion-referenced measures are those 
which are used to ascertain an individual •s 
status with respect to some criterion, i.e., 
a performance standard. (Popham & Husek, 
1969, p. 2)2 
3 
Drawing most heavily from the Harris & Stewart definition, 
we shall, in this paper, define a CRT to be: A test, con-
sisting of a sample of items, drawn from a well-defined 
domain of items which is used to estimate the proportion 
of items in the domain at which the student can succeed. 
Adding a further qualification to this definition- that 
the test have a single cutting score which divides the 
population of examinees into two non-overlapping groups -
we have an operational definition for a mastery test. 
Mastery tests will serve as the focus of this paper 
for two reasons. First, as noted by Alkin, they constitute 
one of the most popular applications of criterion-refer-
encing, incorporating the most utilitarian aspect of the 
CRT philosophy. 
Of all the interpretations [of criterion-re-
ferenced testing] listed above, the one 
that has been the focus of most discussion 
2Marvin C. Alkin, 111 Criterion-Referenced Measurement• 
and Other Such Terms... in CSE Monograph Series in Evalua-
tion No. 3, Problems in Criterion-Referenced Measurement, 
ed. by Chester w. Harris, Marvin C. Alkin and W. James 
Popham. Center for the study of Evaluation, University of 
California, Los Angeles. 1974. p. 4. 
is that of mastery (the sign metric). One 
of the reasons for this attention is that 
the concept of mastery comes closest to the 
underlying spirit of criterion-referenced 
testing and is most appropriate for measures 
of cognitive and attitudinal skills.3 
4 
And secondly, the simplicity of the single decision 
point in mastery testing facilitates demonstration of the 
procedures which have been developed and are described 
later in this study. 
Statement of the Problem 
The rapid growth and widespread adoption of mastery 
testing, coupled with the recency of its emergence, has 
created an unusual and not altogether satisfactory situ-
ation. Its popularity has permitted (sometimes required) 
its application in many situations, some of which are 
critical decision points for individuals and/or organiza-
tions, without the necessary theoretical/technical funda-
mentals having been clearly worked out beforehand. This 
writer has been involved personally in instances when 
mastery tests were simply mandated, with: 
-no clear idea of the exact decision to be made, 
3Ibid., p. 10. The author defines 11 Sign metric 11 
(or mastery) as ..... -the accomplishment or not ( 11 on-off 11 
in nature) of a task. The student is either a master or 
not (as for a single-item test). 11 
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-minimal attention given to ways of referencing 
the required test to objectives or other criteria, 
-no apparent interest in determining test validity, 
-no recognition of the need to estimate test reli-
ability (or consistency, or dependability) and 
to consider the effects of inevitable misclas-
sifications of examinees. 
Although research in several of these areas has been 
manifold, definitive, workable procedures have not always 
emerged in a form which can be readily understood and 
adopted by mastery test developers and users. Consequently, 
in too many instances, the mastery testing concept is 
embraced enthusiastically at the outset of a new program 
only to fall into disfavor and eventual disuse because the 
working procedural, psychometric elements were not available 
to support the concept. 
Nevertheless, a great deal of effort has been directed 
by researchers to come to grips with the unique psychometric 
problems presented by this kind of testing. The most heav-
ily investigated of these psychometric areas seems to be the 
issue of reliability. This is probably due to the fact that 
traditional techniques yield very low estimates of reliabil-
ity for mastery tests. However, norm-referenced tests deal 
principally with differences between observed scores, whereas 
mastery test reliability should be principally concerned with 
6 
differences between the cut-score and observed scores. For 
whatever reason, a great deal of attention has been devoted to 
the topic of error in mastery testing and to the fact that tra-
ditional estimates of reliability do not handle it adequately. 
There is, however, one aspect of reliability--one 
source of observed score error4--which has not been 
especially well accounted for. This is the error 
which results when a test is developed as an item sample 
drawn from a hypothetical domain of items which contains 
subsets of items of varying difficulty. In order to better 
define the nature of this error, consider the following. 
Assume the existence of a domain of items all of which 
have the same level of difficulty (p-value)S and are 
maximally intercorrelated. Generate several forms of a 
test from that domain and administer these forms to a 
group of people. It will make no difference which form a 
person gets because his score will be the same every time. 
The correlation among forms will approximate 1.00 and the 
means and variances will be approximately equal. Now, if 
we change one condition in the domain of items to introduce 
subsets of differing item difficulty levels (but retain the 
4observed score error refers to any errors of 
measurement due to item sampling from a domain of items. 
This conceptual definition will be expressed in 
more concrete terms a little later in this paper. 
SAp-value for an item will be taken to mean the 
proportion of a sample of students who respond correctly 
to that item. 
7 
condition that the items be maximally correlated} then it 
will make a difference which form.of the test a person gets. 
The correlation among forms will still approximate 1.00 
(i.e. all forms will rank the examinees in the same order) 
but the means and variances will almost surely differ. 
In order to demonstrate the significance of the 
differences in item difficulties, let us assume that all 
possible 40 item, randomly parallel (i.e., items drawn at 
random from the same domain of items) tests are constructed 
from the domain described above with the differing subsets 
of item difficulty. The first test is administered to a 
sample of people and it ranks them. Let us also assume that 
when the other tests are given the people are ranked in 
exactly the same order. That is, the correlation (across 
all forms) is close to unity. The means and variances of 
the distributions, however, are rarely, if ever, identical 
because these items were drawn from a domain containing 
subsets of items of varying difficulties. Let the mean of 
one of these tests be 30 and the mean of another test be 20. 
Now, in a norm-referenced application, this difference in 
the means of the two distributions of scores is unimportant 
since the purpose is to rank the examinees and these tests 
do so with a reliability close to 1.00. In a mastery test 
application--say the cut-score has been established at 
25--the difference in the means is obviously quite 
8 
important. The agreement with which these two tests assign 
the examinees to master/non-master status will certainly be 
less than perfect. Major differences in the variances of 
the two forms will probably decrease agreement even further. 
It is this error, i.e., these differences in scores which 
appear across forms due to the effect of sampling from 
subsets of items with varying difficulty levels, and the 
effect this error has on the classification process which is 
the focus of this paper. 
Let us consider this source of error fro8 a dif-
ferent perspective by analyzing the full range of 
possibilities of p-value distributions in the domain of 
items. At one extreme, a classical case would exist 
when all items in the domain have the same difficulty 
level in the population of people6, and, as regards 
level of difficulty, they would all be equivalent and 
interchangeable. For the entire population of people, a 
sample of items from this domain would have identical 
p-values. For a given sample of people, however, one 
would not expect that the observed p-values of a sample 
of items would be necessarily the same. This is because 
the ability level distribution within the sample of 
6 11 ••• the same d i f f i c u 1 ty 1 eve 1 ••. n i s opera t i on-
ally defined as exactly the same difficulty, out to the 
infinite decimal place. 
people will almost certainly vary from that of the 
population and this, plus the interaction between the 
person and the items, will cause the item p-values to 
vary even though these p-values would be constant if the 
items were given to everyone in the people population. 
For any given sample of people, one would expect the 
observed sample item p-values to take on the form of a 
binomial density function because differences are due to 
9 
chance sampling of people abilities and item interactions. 
If, however, the observed sample item p-values are shown 
to differ significantly from the expected binomial 
distribution, it would be concluded that the items in 
the domain from which the sample was drawn are not of 
equivalent difficulty. 
At the other extreme is the case where each item in 
the domain of items has a unique difficulty level in the 
population of people7. In this case, the observed 
p-values would not take on a binomial distribution for a 
given sample of people. They would take on the character-
istics of a distribution which is closer to that of 
the distribution of the domain of p-values. 
It seems unlikely that the first situation--identi-
cal item p-values for all items in the population of 
7n ••• unique difficulty level ... 11 is operationally 
defined as having p-values which are not exactly the 
same. 
people--is a realistic theoretical explanation of most 
11 real-world 11 testing situations. This is, in fact, a 
principal component of an article (and formula) by 
10 
Brennan and Kane in which they explicitly account for 
variation in the item difficulty levels (non-equivalence). 
This effect is represented by the Si (effect for item i) 
in the linear model these authors have developed to 
identify the components of a person's observed score 
on a mastery test8. 
It seems much more likely that the second situation 
--unique item p-values for all items in the population 
of people--is a closer theoretical approximation of 
reality in many cases. The error which these varying 
p-values introduce constitutes the heretofore unresolved 
problem which is addressed in this paper. 
8Robert L. Brennan and Michael T. Kane. 11 Signal/ 
Noise Ratios for Domain Referenced Tests 11 , Psychometrika, 
Vol. 42, No.4 (December, 1977), 609-25. The Brennan and 
Kane model for the observed score for any person on any 
item is: 
v1here: 
e 
X . = W + ~ + 6. + ~s . + e ( ") 
PI p I pi o pi 
w =grand mean in the population of people and' the 
universe of items 
~ = effect for person p p 
s. 
I 
= effect for item i 
,-s . = effect for interaction pi of person p and item 
o( pi) random error (o is a rep I i cation subscript) 
11 
Purpose of the Study 
The purpose of this study is to provide a more accurate 
interpretation of the difference between observed scores and 
the cut-score in a mastery test by correctly taking into 
account more error9 than is currently the case. This will 
be accomplished by: 
1) investi9ating the effects of item difficulty levels 
and of how different levels of difficulty affect the 
di.ffeience between the cut-score and the observed score 
mean as well as the difference between the estimated 
true scores and the cut score, and 
2) accounting for these effects in a formula which 
will allow increased confidence in the mastery state 
classification process. 
Since mastery tests are used, in most cases, to 
make classification decisions (i.e., to assign a student 
to a mastery/non-mastery status) it follows that the 
extent for which the error component of observed scores 
is accounted, to that extent will the classification 
process be a more realistic one. That is, an additional 
9There are many sources of error in any measure-
ment procedure. This study proceeds from the assumption 
that the traditional errors of measurement have been 
adequately recognized and identifies another source of 
error indicated above. 
source of error is to be taken into account. This will 
result in a finding that the classification process has 
more error than previously thought. This should enhance 
the effectiveness of th~ classification process in the 
same way that obtaining a more accurate estimate of 
reliability enhances the interpretation of any measure-
ment. 
It is hypothesized, furthermore, that a multinomial 
probability density function of p-values, subsuming two 
or three distinct binomial distributions, will pro-
vide a fairly accurate theoretical approximation to many 
"real-world" situations. 
12 
The purpose of this study, then, is twofold. First, it 
will be shown that a multinomial distribution of item 
p-values is a more appropriate theoretical basis for many 
11 real-world" testing situations than a binomial. Second, a 
regression procedure will be developed which constitutes 
a practical means of incorporating these effects of item 
sampling on the item p-values and, therefore, improves 
the interpretation of the difference between observed 
scores and the cut-score in mastery tests. 
CHAPTER I I 
REVIEW OF THE RELATED LITERATURE 
In the. relatively few years since Robert Glaser first 
clearly explicated the distinctions between criterion-
referenced testing and norm-referenced testing,10 a great 
deal of research has been directed toward the psychometric 
aspects of criterion-referenced tests - particularly at 
mastery CRTs. By December, 1981, there were over 1400 
citations in the ERIC data base which listed 11 Criterion-
referenced testing 11 as a search word. The nature of this 
literature ranges in scope from the broadly theoretical to 
the narrowly applied, but much more work has been done to 
resolve problems with specific applications. Researchers 
and other writers have written fairly extensively in areas 
such as: optimal test length-- Wilcox (1976), Novick and 
Lewis in Harris (1974), Millman (1973); criterion referenced 
validation procedures-- Popham (1978), Hambleton et. al. 
(1978), Messick (1975), Hambleton in Berk (1980); determina-
tion of CRT cut-scores -- Hambleton et. al. (1978), Millman 
(1973), Fhaner (1974), Berk (1976); and use of item analysis 
procedures with CRTs -- Berk (1980), Crehan (1974), Haladyna 
(1974), Smith (1978). 
10Robert Glaser, 11 Instructional Technology and the 
Measurement of Learning Outcomes: Some Questions 11 , American 
Psychologist, 18, 1963, 519-21. 
13 
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The focus of this paper falls within the broad psycho-
metric area of test reliability. Traditionally, reliability 
deals with the repeatability of measurements. It provides an 
estimate of the extent to which comparable results are (or 
would be) obtained if a measurement is (or were to be) taken 
a second, third, or more times. 
The measurement of reliability is somewhat different for 
norm-referenced and criterion-referenced testing. In the 
case of norm-referenced testing, measurement results are 
interpreted by comparing each examinee 1 s performance to that 
of the others in the group or to some outside norm group, 
thus ranking all examinees. Reliability, in this norm-re-
ferenced context, typically measures or estimates the extent 
to which the order into which a test ranks examinees is (or 
would be) duplicated if the measurement were repeated. 
With mastery criterion-referenced testing, measurement 
results are interpreted by comparing each examinee 1 s perform-
ance against a preestablished standard on a predefined 
criterion. On the basis of this comparison individuals are 
assigned to mastery/non-mastery status. Ordering of candi-
dates in this criterion-referenced context is irrelevant and 
unnecessary. For example if a mastery decision is being based 
upon a cut-score of passing 80% of the test items, it is 
irrelevant whether a candidate receives the highest or lowest 
score in the group who took the test. It is only whether his 
15 
score is above or below the 80% correct score which is 
important. Consequently, a concept of reliability which is 
based on the ordering of candidates is not meaningful in a 
CRT decision context. It is clear, therefore, that the 
exact meaning of reliability must depend upon the purpose 
to which one wishes to put the measurement•s results. 
Theoretical Approaches to CRT Reliability 
The fundamental issues distinguishing criterion-refer-
enced from norm-referenced reliability appear to have been 
discussed first in 1969 by Popham and Husek11. Since then 
the volume of literature on this subject has grown steadily 
but somewhat disjointedly. 
Fortunately, in a recent article, R. A. Berk12 has 
compared 13 different criterion-referenced reliability 
indices and has provided an excellent integrative conceptual 
framework in which to view them. As he notes, there are 
three distinct approaches to the reliability of criterion-
referenced tests to be found in the literature. Two of 
these are best described in terms of the type of loss 
11w. J. Popham and T. R. Husek, 11 Implications of 
Criterion-Referenced Measurement 11 , Journal of Educational 
~~easurement, Vol. 6 (1969), 1-9. 
12Ronald A. Berk, 11 A Consumer•s Guide to Criterion-
Referenced Test Reliability 11 , Journal of Educational 
~~ e a s u rem e n t , V o 1 • 1 7 , tJ o . 4 , ( W i n t e r , 1 9 8 0 ) , 3 2 3 - 3 4 9 . 
16 
function on which the reliability index is based, and the 
third deals with individual score consistency in the domain 
of it ems • 
The first of these is the approach to criterion-refer-
enced reliability based on the squared error loss function. 
This approach assumes that ..... the loss associated with 
inexact prediction is equal to the square of the error of 
prediction ... 13, and with CRTs, is based on {or a function 
of) the ..... consistency of squared deviations of individual 
scores from the cutting score across parallel or randomly 
parallel test forms; ..... 14. 
Second is the approach to criterion-referenced reli-
ability based on the threshold loss function. The threshold 
loss function dichotomizes the continuum of scores into two 
categories. In the case of criterion-referenced testing, 
these categories are usually thought of as mastery and non-
mastery and are separated by a cut score. Reliability is the 
consistency across forms with which a test categorizes exam-
inees as either masters or non-masters -- regardless of the 
1 3 M • R • N o v i c k a n d P . H . J a c k s o n , S t a t i s t i c a 1 ~~ e t h o d s 
for Educational and Psychological Research (New York: 
McGraw-Hill, 1974), p. 6. 
14Ronald A. Berk, 11 A Consumer 1 s Guide to Criterion-
Referenced Test Reliability 11 , Journal of Educational Measure-
ment, Vol. 17, No.4 (Winter, 1980), 324. 
17· 
distance (in either direction) of the observed scores from 
the cut score. 
Berk suggests that approaches based on these two loss 
functions be thought of as 11 agreement indicesn15 rather 
than classical reliability indices. 
The third approach considers CRT reliability in terms 
of the stability of scores in the item domain. Generally, 
this approach involves calculating a standard error of 
measurement and using it as an interval estimate of the 
individual (or group average) true score. 
The Squared-Error Loss Function 
As was noted above, this loss function is based on the 
consistency of squared deviations of the observed scores 
from the cutting score. Criterion-referenced reliability, 
then, includes the effect of the degree of mastery/non-mastery, 
not just the nominal classification -- mastery/non-mastery. 
Livingston 
In 1972, a unique approach to CRT reliability was described 
in an article by S. A. Livingston16. As in the case with 
15Ibid., p. 324. 
16samuel A. Livingston, 11 Criterion-Referenced Applica-
tions of Classical Test Theory, 11 Journal of Educational 
Measurement 11 , Vol. 9, No.1 (Spring, 1972), 13-26. 
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classical test theory, Livingston considers reliability to 
be the squared correlation between the observed score and 
the true score. However, in recognition of the lack of 
variability which characterizes many CRT's, Livingston does 
not use the mean of the distribution of scores as the origin, 
but rather he uses the cut score to compute both the variance 
and covariance terms in the correlation coefficient. 
In the place of variance, Livingston proposes the mean 
squared deviation of scores from the criterion cut-score 
(not the mean). This is given: 
where: X= a score variable 
eX = the criterion score 
s = the expected value, and 
D2 CX) = the mean squared deviation of the scores from 
the criterion score 
( 1 ) 
In place of the covariance, Livingston proposes a mean 
product of deviation scores -- each from its respective 
criterion cut-score {not mean). This is given: 
DCX,Y) = s . < x . -ex) c Y . -ey) 
J J J 
'tlhe re: 2. = the individual expected value X~ = the individual score on variable X 
eJ = the criterion score for variable X y~ = the individual score on variable y 
eJ = the criterion score for variable y y 
Given the variance and covariance terms, the CRT 
correlation coefficient {which Livingston designates 
{ 2 ) 
k(X,Y)) is expressed: 
k(X,Y) = D(X,Y) 
D(X)D(Y) 
19 
= D(X,Y) ( 3) 
')o2(x)o2(Y) 
Livingston goes on to state that the criterion-refer-
enced correlation coefficient is a product moment parameter 
(based on the squared error loss model) and he demonstrates 
that it is a general case of the classic reliability coeffi-
cient. The criterion-referenced coefficient, in fact, will 
always be larger than the familiar Pearson r, when using 
classically parallel tests, except when the criterion cut 
score for the two variables equal the means of the two 
distributions. When this is the case, the two coefficients 
are identical. 
Brennan and Kane 
Also adapting the squared error loss function approach 
to criterion-referenced reliability are R. L. Brennan and M. 
T. Kane. In a pair of insightful 1977 articles17 18 
these writers formulate a linear model which accounts for 
sources of variance in CRT score distributions. This model, 
17Robert L. Brennan and Michael T. Kane, 11 An Index of 
Dependability for Mastery Tests, 11 Journal of Educational 
t~easurement, Vol. 14, No.3 (Fall, 1977), 277-89. 
18Robert L. Brennan and Michael T. Kane, 11 Signal-Noise 
for Domain-Referenced Tests, 11 Psychometrika, Vol. 42, No. 4 
(December, 1977), 609-25. 
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which forms the basis for subsequent analysis of true and 
error score variance is given: 
1vhere: 
e 
X . = ~ + TI + S. +TIS . + e p1 p 1 p1 o(pi) 
X . PI observed score for person p on item i 
W = grand mean in the population of persons and the 
universe of items 
TI = effect for person p p 
s. = effect for item i 
I 
TIS = effect for the interaction of person p and item pi 
= error Co is a rep I i cation factor) o( pi) 
( 4 ) 
As does Livingston, Brennan and Kane consider reli-
ability in terms of consistency of observed scores relative 
to a cutting score over repeated testings. They have 
developed their model in the context of generalizability 
theory (Cronbach et. al., 1972) and they emphasize that of 
primary concern in criterion-referenced testing is the 
examinee•s universe score19, Just as Livingston k2(X,Tx) 
was considered to be the ratio of mean squared deviations 
from the criterion score of the true and observed score, so 
Brennan and Kane•s criterion-referenced reliability index 
(M(C)) is the ratio of mean squared deviations from the 
19A universe score is that proportion of items an 
examinee would answer correctly if he attempted all possible 
items in the universe. An examinees test score is an 
estimate of his universe score based on a random sample 
drawn from that universe of items. 
criterion score of the 11 Universe score 11 and 11 expected 
observed score 11 • T h i s f o rm u 1 a i s g i v en : 
·t~here: E =expected value over all persons in the population 
P of persons 
t: 1 =expected value over alI samples of items of size 
n. from the universe of items 
I . f 
= untverse score or person p 
= observed score for person p averaged over the 
sample of n. items 
C = criterion cGtting score 
21 
( 5 ) 
An important difference between these two squared error 
loss approaches is that the Brennan and Kane model does not 
require that the test forms used to determine reliability be 
classically parallel (i.e. having equal means and standard 
deviations) but need only be randomly parallel (i.e. items 
drawn at random from the same universe of items). The 
effect of item sampling is accounted for by the t: 1 element 
in the above formula and the error variance which it adds is 
represented in the 1 inear model by Bi. As the authors 
point out: 
Our definition of M(C) as a ratio of 
expected squared deviations of scores 
from C is based upon the rationale 
provided by Livingston. However, we 
take the expected value of the observed 
mean-squared deviations from Cover 
both persons and random samples of 
items; Livingston takes this expect-
ed values over persons b~t not over 
random samples of items. 0 
The Threshold Loss Function 
22 
Criterion-referenced reliability indices based on the 
threshold loss function were developed by those psychometric 
theorists who perceived the squared-error loss function to 
be 11 inappropriate 11 for criterion-referenced purposes. 
Hambleton and Novick, in 1973, were among the first to adopt 
this position: 
Hambleton and Novick (1973) took issue 
with Livingston's statement concerning 
the purpose of criterion-referenced 
tests. They argued that the difference 
of an examinee's domain score from a 
cut-off score was not nearly so important 
as whether or not an examinee was assigned 
to the same side of the cut-off score 
(mastery state) across parallel-form (or 
retest) administrations of a test. There-
fore, they predicted Livingston's approach 
would have 1 imi ted useful ness. Of course, 
this is conjecture on their part, and only 
time will tell if they are correct.21 
The argument against the squared-error loss function 
rests on the assumption that the distance of an examinee's 
true score from the cut score is not consequential to the 
20Robert L. Brennan and Michael T. Kane, 11 An Index of 
Depend a b il i ty for M a s t e r y Tests , 11 J o u rna 1 of Ed u cat i on a 1 
tieasurement, Vol. 14, No.3 (Fall, 1977), 280. 
21Ronald K. Hambleton, et. al. 11 Criterion-Referenced 
Testing and Measurement: A Rev1ew of Technical Issues and 
Developments, 11 Review of Educational Research, Vol. 48, No. 
1 (Winter, 1978), 16/17. 
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criterion-referenced decision. Of consequence is only 
whether the examinee is consistently on the same side of 
the criterion score across parallel forms (both classical 
and random) of the test. Therefore, criterion-referenced 
reliability is thought of as the consistency with which a 
test makes mastery state classifications, irrespective of 
degree of mastery. 
Several indices of criterion-referenced reliability 
have been developed from this position. The use of any 
of the indices based on the threshold loss function, how-
ever, requires that two assumptions be met. These are that: 
(a) the distribution of students is to be dichotomized into 
a master and a non-master group based on a criterion cut-
score, and (b) as Berk succinctly puts it, 
"the 1 asses associ a ted with all false 
mastery and false non-mastery classifi-
cation errors are equally serious 
regardless of their size ... 22 
Berk notes that the six different threshold loss based 
indices which are presented in the literature approach the 
concept of CRT reliability from one of two perspectives. 
The first approach, p0 , considers CRT reliability to be the 
proportion of students classified consistently (master/non-
22Ronald A Berk, "A Consumer 1 s Guide to Criterion-
Referenced Test Reliability," Journal of Educational 
Measurement, Vol 17, No. 4 (Winter, 1980), 327. 
master) across (classically) parallel forms. This is 
expressed: 
Po = 
where: Nc = number of consistent classifications, and 
Nt = total number of classifications. 
The second approach, k, considers CRT reliability to be 
24 
( 6 ) 
the contribution of the test to the proportion of students 
classified consistently across forms. k is defined as being 
equal to the ratio of p0 minus the number of consistent 
classifications expected by chance alone (pc) divided by 
the maximum that Po- Pc could achieve (i.e. 1 - Pc)· 
The relationship between Po and k can be seen from the 
fallowing formula: 
k = 
Po - Pc 
1 - Pc 
where: k = the coefficient of agreement as described 
above, 
(7) 
Po = the observed proportion of agreement across 
administrations, and 
Pc = the expected proportion of agreement across 
administrations. 
The primary contributors of reliability indices in the 
threshold loss function category are Hambleton and Novick 
(1973), Swami nathan, Hambleton and Algina (1974), Marshall 
(1976), Subkoviak (1976 and 1980) and Huynh (1976 and 1977). 
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of these writers, Hambleton a~d Novick (1973) and Marshall 
(1976) use the Po approach; Swaminathan, Hambleton and 
Algina (1974) adopt the k approach; Subkoviak (1976 and 
1980) and Huynh (1976) consider both approaches; and Huynh 
(1977) develops a modified k (kappamax - the maximum value 
0 f k) • 
Domain Score Estimation 
Both the threshold loss and the squared error loss 
functions are concerned with providing information about 
the degree of uncertainty of observed scores relative to 
a criterion cut-score. A third approach to criterion-
referenced reliability addresses the stability of estimates 
of an examinee's domain score (true score) without necessar-
ily referencing the estimate to any cut-score. 
Several writers have described procedures for setting 
up confidence intervals within which an examinees score is 
expected to fall a certain proportion of the time. Most 
of these procedures utilize some form of standard error 
of measurement to set up the confidence interval. Lord 
defines the 11 Standard error of measurement" as: 
" ••• the standard deviation of the 
scores that an individual would 
be expected to obtain on a very 
large number of "parallel" test 
forms, assuming that the individ-
ual remains unchanged during the 
testing and unaffected by practice, 
fatigue, and so forth."23 
26 
His binomial formula24 for the standard error of measure-
ment is given: 
where: ta = the actual score of examinee a 
n = the number of items in the test 
Ta = the "true score" of examinee a 
( 8 ) 
This is the standard deviation of a binomial distribution, 
;. e.: 
where: n = number of items 
p = true score 
o=~ ( 9 ) 
Many other writers have adopted the standard error of 
measurement as the basis for contructing confidence inter-
vals in the estimation of examinees' true scores. Some of 
the more widely published of these researchers are Lord 
(1955, 1957, 1959), Lord and Novick (1968), Millman (1974a, 
1974b), Berk (1980), and Brennan (1980). 
For the most part, interval estimation of true score 
breaks down into two basic theoretical positions: the 
individual specific and the group specific approaches. 
23Frederic M. Lord, "Do Tests of the Same Length Have 
the Same Standard Errors of Measurement?" Educational and 
Psychological Measurement, XVII, (1957), 510. 
24rbid •• p. 511. 
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The individual specific approach calls for computing a 
standard error of measurement and setting up confidence 
intervals around the observed proportion correct score for 
each examinee. The group specific approach most often 
calls for computing a single average standard error of 
measurement for all persons in the group and then applying 
this average to construct confidence intervals around the 
proportion correct score for each individual. 
Regardless of which approach is adopted, all confi-
dence range estimates of an examinee•s true ability must be 
distributed around a single point on the ability continium 
which represents the best estimate of the examinee•s ability. 
Berk notes that there are essentially two approaches to 
point estimation. First, and most simply, the examinee•s 
observed score is used as the best estimate of his true 
score. For short tests, however, the observed score is not 
a very stable estimate of true score. (Neither is any other 
est i mate ) • Sec on d i s a s e r i e s of B ayes i an or 11 qua s i -Bay e s i an 11 
approaches which, in addition to using direct information 
(i.e. the observed score), use collateral information (i.e. 
group performance) and prior information (i.e. past test 
performance) to estimate an examinee•s true score. These 
procedures generally give more stable estimates of true 
score (sometimes only slightly so, however) but in return 
exact a fairly steep computational price. 
28 
In the concluding remarks of their report on their 
very interesting simulation study comparing various Bayesian 
and non-Bayesian estimation techniques, Hambleton et. al. 
(1976) state: 
Although the results of our simula-
tion study revealed only modest 
improvements with Bayesian methods 
under the conditions studied, we 
are not prepared to discourage 
the use of Bayesian methods with 
criterion-referenced test data.25 
Before any of the Bayesian approaches to true score 
estimation were developed, classical regression techniques 
were used to improve estimation of an examinee•s true score 
from his observed score. As T. L. Kelley put it in 1927: 
11 It can be easily shown statistically 
that, in general, a better estimate of 
the true score is obtained if one takes 
r1Ix instead of x as the estimate of 
it ... 26 
Kelley•s ru is the parallel forms reliability coef-
ficient and his little xis the deviation of the raw score 
from the mean. He later defines this product, which is an 
estimated true score, as xoo. Kelley goes on to provide 
25Ronald K. Hambleton, Leah R. Hutten and Hari 
Swaminathan, 11 A Comparison of Several Methods• for 
Assessing Student Mastery in Objectives-Based Instruc-
tional Programs, .. Journal of Experimental Education, Vol. 
45, (1976), 64. 
26rruman Lee Kelley, Interpretation of Educational 
Measurements (Yonkers-on-Hudson, New York and Chicago: 
World Book Company, 1927), 176. 
additional information on the background and application 
of the principle of regression as follows: 
This tendency of the estimated true 
score to lie closer to the mean than 
the obtained score is called the 
principle of regression. It was 
first discovered by Francis Galton 
and is an universal phenomenon in 
correlated data ••.• If the reliability 
is very high, then there is little 
difference between x and Xoo, so 
that this second technique, which is 
slightly the more 1 abori ou s, is not 
demanded, but if the reliability is 
low, there is much difference in 
individual outcome, and the refined 
procedure is always to be used in 
making individual diagnoses.27 
Stated concisely, Kelley's formula28 for the estimated 
true raw score is: 
29 
( 1 0 ) 
where: ~oo = estimated true raw score 
X00 = estimated true score (r11 x) as a deviation from the 
mean of a group 
M = mean of the group 
Lord and Novick29 also discuss the regression of 
the true score on the observed score. Their equation for 
27Ibid., p. 177. 
28Ibid., p. 178. 
29u.s., Department of Commerce, National Bureau of 
Standards, Institute for Applied Technology, ~·1ental Test 
Theory. Volume II, The Classical Test Theory Hodel, by 
f.M. Lord and M.R. Novick, Clearinghouse for Federal 
Scientific and Technical Information Report AD 657 869 
(Washington, D.C.: Defense Documentation Center, 1967), 
p • 1 9 • 
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the linear regression function, while dealing with popula-
tion parameters and not sample statistics, is otherwise 
algebraically equivalent to formula 10 above. It is given: 
wrlere: 
R <T I x l = p ' + c 1-o ' l w 
XX XX X 
R<T I x) = the I i near regression function of the true 
on the observed score 
0xx ' = the test's rei iabi I ity Wx = the mean 
X = the observed score 
In 1972 Jackson modified Kelley's 
11 
••• procedure for use with binary data 
by transforming the test score X; and 
gi via the arcsine transformation, 
known as the Freeman-Tukey transforma-
tion , I ( . - I rx;- . -I fi:71) 
g i = 2 s 1 n yn+~ + s 1 n -y ---n+J . 
As a res u 1 t of t hi s transformation , the 
true mastery score is transformed into 
yi , where, 
. -1 y. = s1n }.,.f"TT":. 
I V" i 
If 1Ti is not too 1 arge or too small, 
and if n, the number of test items, is 
sufficiently large, then the distribu-
tion of gi is approximately normal 
with a mean approximately equal to the 
transformed true mastery score, Yi, 
and known variance 
cp = ( 4n + 2) - 1 
The Model II estimate, or the modified 
Kelley estimate, becomes, in terms of 
y ' 
( 11 ) 
score 
where g·, the sample mean based on a 
sample of N examinees, is given by 
"' 
-I g• = N 
and ¢Y, the sample variance of the y's, 
is given by 
" - I 
cb = CN-1) 
·y 
N 
L: 
i= I 
Cg.-g•) 2 - (4n + 2)-l . 
I 
" " Once Yi is obtained, TTi is determined 
from the expression 
2" TT. = (I + .5/n)sin y.-.25/n 
I I 
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Jackson's modification is important because the trans-
formation will result in an 11 almost normal 11 distribution of 
observed scores even though the observed scores from a short 
binary test tend to be non-normal where very high or low 
scores are concerned. When these transformed scores are 
regressed, the regression effects will be more evenly applied 
than if the binary scores are regressed and thus yield a 
better estimate of the true score. That is, at the top end 
of a test, scores cannot continue to go up indefinitely and 
persons with very high knowledge tend to be penalized by this 
ceiling effect of the test. As a consequence, persons who 
are far apart in ability, but at the high end of the scale, 
achieve observed scores which are much closer together than 
30Ronald K. Hambieton, Leah R. Hutten and Hari 
Swaninathan, "A Comparison of Several t~ethods' for Assessing 
Student t~astery in Objectives-Based Instructional Programs, 11 
Journal of Experimental Education, Vol. 45, (1976), 58. 
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those persons at a more moderate level on the scale. The 
transformation puts all persons on a scale where the units 
are more equal at all parts of the scale. 
This study attempts to integrate all three of the theo-
retical approaches to reliability discussed in this chapter 
(i.e. the squared-error loss and the threshold-loss decision 
functions as well as point estimation of true-score which is 
the basis for domain score estimation theory). It proceeds 
from the basic assumption that the better the estimate of an 
examinee's true score, the more accurate will be the decision 
classification process. Accuracy in the decision classifica-
tion process may be defined from either the squared error-loss 
or the threshold-loss point of view. Either of these two 
approaches may be the more appropriate depending upon whether 
it is important to consider the degree of mastery/non-mastery 
(squared-error loss) or whether the simple categorization of 
mastery/non-mastery (threshold loss) is sufficient. This study 
will use both methods to evaluate its results. 
In summary. the objective of this study is to investigate 
the problem area of the underlying distribution of item p-val-
ues and the impact this distribution has upon criterion refer-
enced decision making. First. it attempts to show that dif-
ferent levels of difficulty are not unusual occurrences in 
real-world testing situations (as discussed on pages 10 and 
11). If such differences are found among subsets of items. 
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it must follow that sampling from among these subsets will 
increase observed score variance between subsets (as 
explicated on pages 7 and 8). To the extent that this 
variance is not accounted for in the classification decision 
process, it will render that process less accurate. Second, 
this study evaluates fifteen methods of estimating examinee 
true score for use in the classification decision process. 
Using a Monte Carlo approach, true score variance and error 
variance is known as well as whether mastery/non-mastery 
classifications are correct or incorrect. The results of 
this evaluation will provide important information about how 
item sampling error should be accounted for under conditions 
where the appropriate decision function is squared error-loss 
or threshold-loss. 
. . 
~~) .. 
~ / 
Instruments 
CHAPTER III 
t1ETHODOLOGY 
In order to determine whether a binomial density 
function or a multinomial density function is more 
appropriate as a theoretical basis for p-value distri-
butions in 11 real-world 11 testing situations, 15 examina-
tions were analyzed. These tests are a regular part of 
the four week long Fireman Apprentice curriculum which 
was developed in accordance with the Instructional 
Systems Development (ISO) mode131. The curricul urn, 
including the tests, was developed by a staff of profes-
sional curriculum developers employed at the Naval 
Education and Training Program Development Center 
Detachment, Great Lakes, Illinois. The Fireman Apprentice 
course is conducted at three apprentice training sites: 
Great Lakes, Orlando and San Diego. 
End of module tests were written to measure care-
fully defined learning objectives. Test results are used 
only to assign students to mastery states (i.e. pass/fail), 
3lrnterservice Procedures for Instructional Systems 
Development: Executive Summary and Model, NAVEDTRA 106A, 
1 August 1975. This document embodies a procedural model 
which has been adopted by all branches of the military for 
the analysis, design, development, implementation and 
control of technical training courses. 
34 
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not to rank order them. Tests vary in length from 20 to SO 
items. The number of test items is directly related to the 
amount and complexity of the curricular material. This 
material has been analyzed and is documented in an ISO 
learning hierarchy. Each test measures from one to five 
terminal learning objectives. On the one hand, only the 
primary analysis was carried out for those tests measuring a 
single objective. On the other hand, tests measuring more 
than one objective were subjected to a supplementary examina-
tion. Performance tests were not studied. 
There is a total of 515 items on the 15 tests. Of these, 
approximately 94% (484 items) are multiple choice questions 
with one correct response and three distractors.32 Examples 
of test questions and associated curricular materials are 
provided in Appendix A. Test questions which are currently 
in use are not included, but the material provided is represen-
tative of that which is being used currently. 
Each test has an individually derived cut-score. In 
order to establish this cut-score for each of the tests, from 
three to six subject matter experts were asked to estimate 
minimum levels of performance required on each of the associ-
ated tests by assessing the criticality of the job-tasks 
32Approximately 2% (10 items) are true and false and 4% 
(21 items) are matching. Of these 31 items, only 6 are among 
those 8 tests upon which the primary analysis of this study 
was carried out. 
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related to the objectives in terms of the following elements: 
a. Consequences of inadequate performance at the job 
site; 
b. Availability of references or other help at the job 
site; 
c. Availability of adequately trained engineering 
personnel at the job site for on-the-job training; 
d. The learning difficulty of the learning objectives.33 
Apprentice training courses, including the Fireman 
Apprentice course, are considered to be courses to familiar-
ize trainees with the content area (i.e. to provide them with 
minimum levels of competency) rather than to produce journey-
men with high levels of mastery in the content area. Conse-
quently, cut-scores are relatively low (ranging from 62.5% to 
80% of the test questions), and attrition is minimal. Over 
90% of all entering students pass all 15 end of module Fire-
man examinations. 
Content area titles, number of items, number of examin-
ees, mean p-values and cut-scores for each of the Fireman 
tests are provided in Appendix B. 
Sample 
Test scores (actual subjects remained unidentified) from 
between 310 and 537 U.S. Navy Fireman Apprentice trainees 
from Apprentice Training Divisions at Great Lakes, Orlando, 
33Personal communication to author from test developer. 
The learning difficulty of the objectives was assessed 
rationally (as opposed to empirically) at the time the cut-
scores were first set. 
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and San Diego were utilized. All subjects were graduates of 
Recruit Training and each had received instruction in that 
portion of the Fireman curricu~um associated with each of 
the testing instruments. The training material and the 
testing material is the same at each of the three Appren-
tice Training sites. 
Equipment 
For the first portion of this study - analysis of 11 real-
world11 p-value distributions- the following equipment was 
utilized: 
1. SCAN-TRON Model 2012 Test Scoring Machine/Optical 
Mark-Reader data entry terminal. This optical scanning 
device was used for direct input of the raw data 
(student answer sheets) into the Apple microcomputer. 
2. APPLE II Plus microcomputer with 48K random access 
memory, dual floppy disk drive, external monitor and 
Integral Data Model 440 dot matrix printer. This 
equipment was used to generate and analyze actual dis-
tributions of p-values as discussed below. All statis-
tical tests (F ratios, Kolmogorov-Smirnov one sample 
tests) were run on this equipment as well. 
For the second portion of this study - generation of the 
simulated data base and analysis of the effect of the regres-
sion model - the following equipment was utilized: 
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1. TRS-80, Model I, 48K random access memory, dual 
floppy disk drive with PERCOM double density adapter, 
EPSON MX-80 dot matrix printer. 
2. Hewlett-Packard Model HP-67 programmable scientific 
calculator. All trigonometric transformations were run 
on this equipment. 
Procedure 
The two procedures followed in this study are indepen-
dent of one another. The first, using actual data as de-
scribed on the following .pages, was designed to show that a 
binomial density function is not always the most appropriate 
theoretical basis for p-value distributions in "real world 11 
testing situation. The second, using a Monte Carlo approach 
with a large base of simulated data, was designed to assess 
the effects of the several regression models developed for 
this study and to compare these effects with other widely rec-
ognized approaches to CRT reliability. If actual data show 
the existence of other than binomial p-value distributions in 
"real world" situations, then a reliability index which takes 
this fact into consideration should allow a better prediction 
of true score from observed score than other indices. 
Actual Data 
The first part of this procedure has been undertaken to 
show that in a "real world" testing situation there is often 
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more than one difficulty level in the population from which 
the test items are drawn. The rationale behind this demon-
stration is as follows. If all the items in the Fireman 
examinations were randomly drawn from a population of items 
with a single difficulty level, then the item p-values would 
be distributed in a binomial fashion in accordance with the 
chance sampling of item/person interaction. This means that 
the standard deviation of the test p-values for the sample of 
examinees would be a function of the population p-value Cnl, 
the number of items (k), and the number of examinees. The 
formula for the variance of the sample item p-values would 
be the standard:34 
kn( 1-n) 
n 
where: VARbi =error variance of the sample p-values 
k =number of items in the sample 
n =number of people in the sample 
n =the population p-value 
( 1 2 ) 
The following procedure was employed in order to esti-
mate whether the test items had been drawn from a population 
of items of one or more than one difficulty level. The 
average p-value and the variance for each of the 15 Fireman 
exams was calculated. Next, using this mean p-value, the 
34The numerator is the binomial variance. When this is 
divided by the sample size, the result is an error variance 
of the mean. 
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number of items in the test, and the number of people taking 
it, the theoretical binomial variance was calculated for 
each of the tests using formula (12). The procedure thus 
far has produced one average p-value for each of the Fireman 
exams and two variances around each of these average p-values. 
one variance is the actual, observed variance of the actual 
p-values around the average p-value. The other variance is 
a purely theoretical variance, generated according to the 
binomial probability density function based upon the same 
mean and number of items as the actual variance. The next 
step in the procedure is to compare these two variances. If 
they are closely similar, it would be reasonable to conclude 
that the actual data, the observed item p-values, had been 
drawn from a population of items of a single difficulty level 
(i.e. variance due only to item/person interaction). If the 
two variances are dissimilar, it is reasonable to conclude 
that the population of items which the test items were drawn 
was not of a single level of difficulty. 
In order to ascertain whether the observed variance was 
significantly different from the theoretical binomial variance, 
an F ratio was formed using the actual variance of the distri-
bution of p-values as the numerator and the theoretical bino-
mial variance as the denominator. F ratios, degrees of free-
dom, and level of significance for each of the 15 tests are 
given in Table 1. 
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Stated formally, the hypotheses which were tested were: 
H0 : VARbi = VARobs 
H1 : VARbi "f VARobs 
for each of the 15 tests. 
where: VARbi 
VARobs 
= the theoretical binomial p-value variance 
computed as in formula (12) above 
= the observed p-value variance. 
The F test was run for each of the 15 Fireman exams. 
Alpha (level of significance) was set at .05. In those cases 
where the F test failed to show at least a .05 level of signi-
ficance, the null hypothesis would be accepted and no further 
investigation would be conducted. It would be assumed that 
the underlying distribution from which the test items were 
drawn was close enough to a binomial to be considered as such. 
However, if a significant difference between the actual dis-
tribution of p-values and the theoretical binomial was found, 
the alternative hypothesis would be accepted and the under-
lying distribution from which the items were drawn would be 
considered to be other than a simple binomial distribution. 
These would be considered to be the 11 non-binomia1 11 tests. 
When the alternative hypothesis was accepted, a further 
analysis was conducted to determine whether a multinomial 
distribution of p-values, consisting of two distinct subpop-
ulations of difficulty levels, could provide a theoretical 
basis for the underlying distribution of items from which the 
test items were drawn. A reasonably straightforward way to 
make this determination was to generate a series of different 
42 
pairs of item subgroups for each test. The purpose of di-
viding the items into two subgroups was so that each group 
(i.e. its mean and number of items) could be used to calcu-
late a binomial distribution of p-values. These two separate 
binomial distributions, it was expected, might provide a 
reasonably "good fit" to the actual data which had not been 
"fit" by a single theoretical binomial distribution, as de-
scribed on the preceding pages. For each pair of subgroups 
in the series, the items were repeatedly reorganized so that 
the composition of the subgroups changed continuously. For 
each change, the theoretical binomial variance for both of the 
component subgroups was calculated. These two independently 
derived, theoretical binomial variances were then statisti-
cally combined. The combined theoretical variance was 
evaluated as a plausible basis for the observed data. The 
specifics of this evaluation are provided in following 
paragraphs. 
There are at least two ways in which the item subsets 
could have been constructed. All possible combinations of 
items caul d have been analyzed. For the "non-binomial" 
tests, systematic grouping of. items to reflect all possible 
combinations of items in each test would have required that 
over 620 billion pairs of groups be formed (N things, taken 
r at a time, times 8 tests) and the same number of F tests 
run. This approach was rejected because it would take far 
too much time on any available computer. 
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To shorten this process, the test items were grouped 
into two sets so that the difference between the mean p-val-
ues for the two groups was at a maximum. This has the effect 
of quickly producing possible sets of a test with two subpop-
ulations of items which have high item p-value variances. 
That this effect is produced can be seen from formula (13) on 
the following page. The highest values will be produced when 
the first part of this formula is at a maximum. 
The following steps were carried out in this shortened 
process: 
The items of each of the "non-binomial'' tests were first 
ranked from high p-value to low.35 Then two groups of items 
were formed, first with the highest single p-value item in 
the upper group and the K-1 lowest items in the lower group, 
next with the two highest items in the upper group and the K-2 
lowest items in the lower group, and so on until the upper 
group contained K-1 items and the lower group contained the 
single item with the lowest p-value. 
Next, for each of the two subgroups, the theoretical 
binomial variance was calculated separately. That is, the 
mean p-value and number of items in the upper group was used 
to calculate the theoretical binomial variance for that group 
independently of the lower group, and the same was done for 
35These ranked p-values were plotted for visual inspec-
tion of the distribution which they form and the p-value plots 
are provided in Appendix C. 
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the lower group independently of the upper group. Formula 
(12) was used to calculate this v~riance. 
Next, these two variances, together with their respec-
tive (p-value) means were combined statistically to form a 
single theoretical multinomial variance. To do this, the 
following standard formula for combining variances was used: 
( 1 3 ) 
where: ku = number of items in the upper group 
- kl = number of items in the lower group 
Pt.Qt = average p-value for the total test 
E..u = average p-value for the upper group of items 
Pi = average p-value for the lower group of items 
qu = 1-pu 
ql = 1-pl 
N = total number of examinees 
This combined theoretical variance was calculated for 
each of the K-1 pairs of item groups formed as described 
above. Then, in order to ascertain whether the actual 
variance was significantly different from the theoretical 
multinomial, an F ratio was formed using the observed 
variance of the distribution of p-values as the numerator 
and the combined theoretical variance as the denominator. 
Stated formally, the hypotheses which were tested were: 
where: 
H0 : VARmult = VARobs 
H1: VARmult 1 VARobs 
VARmult =the theoretical multinomial p-value 
variance computed as in formula 13 above 
VARobs = the observed p-value variance. 
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The F ratio was calculated for each of the K-1 pairs of 
item groups formed as described above. The entire process 
was carried out for each of the tests whose p-value variance 
could not be explained by a simple binomial distribution (the 
11 non-binomial" tests). Degrees of freedom, variances, F 
ratios, and significances for each pair of item groups are 
presented in Tables 3 through 10 respectively for each of the 
11 non-binomial" tests. 
A point was reached in the pairing of item groups for 
each "non-binomial" test where the F ratio closely approxi-
mated 1.00. This strongly indicated that a theoretical dis-
tribution of two levels of difficulty could adequately 
ex p 1 a i n the res u 1 t s. The n u 1 1 hypo~ he s i s was , therefore, 
accepted and no further investigation (i.e. to find a 
multinomial consisting of three distinct item subpopulation 
difficulty levels) was conducted. 
Certain of the Fireman examinations included items 
covering related but different curricular objectives. For 
example, an objective on Valves and one on the Firemain 
System are combined on one test. In those instances where 
a test was found to have a "non-binomial" p-value distri-
bution and, also, the test measured more than one content 
objective, a separate analysis was carried out. This 
additional analysis was directed toward determining whether 
the 11 non-binomial" nature of the p-value distribution might 
be based on content differences arising from the fact that 
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different items within the test measure different objectives. 
To check this possibility, p-values were grouped by objective 
and compared using the Kolmogorov-Smirnov two-sample test and 
the t test on the means. Results and significances are pre-
sented in Table 2. No significant differences were found. 
A full explanation is found in the following chapter. 
It was expected that by the use of the foregoing proce-
dure of comparing the actual with theoretical p-value vari-
ances, it could be demonstrated that in many 11 real-life 11 
testing situations, 
a). the distribution of item p-values cannot be explain-
ed by a simple binomial density function, and 
b). the distribution of p-values can be explained by a 
multinomial distribution consisting of two subpopulation dif-
ficulty levels. 
The objective of the various analyses carried out on the 
Fireman data is to show that a simple binomial is not always 
a good model for the distribution of actual p-value data 
obtained in 11 live 11 or 11 real-world 11 testing situations. Addi-
tionally it was hypothesized that a multinomial consisting of 
tvJO binomials would adequately 11 fit 11 all those cases which 
were not 11 fit 11 by the simple binomial. 
The significance of finding that in some or all situa-
tions there is more than one distribution of item difficulty 
levels, is that such a finding suggests that the effect of 
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item sampling, as a source of error variance, should be taken 
into account in the estimation of an examinee's true score. 
Simulated Data 
The second part of the study was undertaken to demon-
strate the efficiency of the two general research hypotheses. 
That is, that an improved interpretation of the difference 
between observed scores and the cut-score can be provided by: 
a). regressing the observed score not only to the mean 
but also to the cut-score, and 
b). incorporating the effects of item sampling in the 
mastery state classification procedure. 
As was explained mbre fully in the preceding chapter, 
regression normally involves using the reliability of a test 
to move an examinee's estimated true score closer to the mean 
of the group than his observed score. This is done by multi-
plying the individual raw score, expressed as a deviation from 
the mean, by the reliability (which will always be.::. 1.00) and 
then adding this smaller deviation score back to the mean. In 
formula, this is: 
( 1 4 ) 
where: X = estimated true score 
rll = reI i ab i I i ty estimate 
Xo = observed score 
M = group mean 
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This procedure will yield better estimates of the true 
scores than will the unregressed observed scores (unless, of 
course, r11 = 1.00 which would render X0 = x). 
A special regression process was devised for this study. 
This process consists of a double regression whereby each 
observed score is regressed first back toward the group mean 
(in the traditional manner as specified in formula 14) and 
then is regressed again toward the cut-score. The formula 
for this second regression is basically the same as formula 
( 1 4 ) : 
where: 
A 
X= rli cxr- CS) + cs 
x = estimated true score 
rli = rei iabi lity estimate 
Xr = regressed observed score x, from formula ( 14) 
CS =the cut-score established for the test 
( 1 5 ) 
The purpose of regressing the regressed observed score to 
the cut-score is to try to improve the estimate of the examin-
ee's true score. The rationale behind using such a regression 
can be better understood by considering the basic question 
which is to be answered by the test data. That is, what is 
the best estimate between two points on the ability continuim 
which underlies the test? These two points are: the examin-
ee's true score and the test's cut-score. 
In explaining his adaptation of classical test theory 
for criterion-referenced testing, Livingston reinforces this 
point. 
Consider the basic difference between 
norm-referenced and criterion-referenced 
measurement. When we use norm-referenced 
measures, we want to know how far a 
student•s score deviates from the group 
mean. When we use criterion-referenced 
measures, we want to know how far his 
score deviates from a fixed standard, 
the criterion score. Therefore, each 
concept based on deviations from the mean 
score will be replaced by a corresponding 
concept based on deviations from the 
criterion score. The result of this 
substitution will be a generalized form 
of the c 1 ass i c a 1 theory of r e 1 i a b i 1 i ty 
which will include norm-referenced 
r e 1 i a b i 1 i ty as a spec i a 1 case : the case 
for which the mean score and the criterion 
score are equal.36 
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The variance of observed scores is equal to the variance 
of true scores plus the variance of error scores. This means, 
then, that the observed scores are spread out further from one 
another than their respective true scores. Not only are they 
spread out further from one another, they are spread out fur-
ther from any other point within the range of true scores. 
Because of this fact, regression of the observed scores rela-
tive to the cut score must be taken into consideration and is 
one of the main concerns in this paper. 
In addition to assessing the effect of the double regres-
sian procedure, this portion of the study also analyzes the 
effect of item sampling on the master/non-master classifica-
tion procedure. It will be shown in the first portion of this 
36samuel A. Livingston, .. Criterion-Referenced Applica-
t i o n s o f C 1 a s s i c a 1 T e s t T h e o r y , 11 J o u r n a 1 o f E d u c a t i o n a 1 ~1 e a -
surement, Vol. 9, No. 1 (Spring, 1972), 14. 
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study that item sampling does effect the difficulty level of 
tests in 11 real-world 11 testing situations. In the second portion 
the impact of item sampling on mastery state classifications 
will be evaluated by means of a Monte Carlo simulation whereby 
true scores are known values. 
The initial stage in the simulation portion of the study 
was to specify a set of true scores. These true scores can 
be thought of as points on the ability continuim in the popu-
lation of people. They can also be thought of as hypothetical 
11 Students, 11 each of whom has a unique and known true score. 
Twenty-five such 11 Students 11 were conceptualized and each 
11 Student 11 has a true level of ability indicated by a true 
score. The number of 11 students 11 was chosen primarily because, 
for the intended computations, 25 was about all that could 
be handled by the most appropriate computer system available. 
In order to generate the data according to the parameters 
specified for 25 11 Students, 11 approximately 90 hours of contin-
uous running time was required. Additional students would 
have required an additional 3 to 4 hours of generating time 
per student. Also, there was no recognized need to include 
more 11 Students. 11 
The range of 11 Student 11 true scores was from approximately 
20% correct to nearly 100% correct on a hypothetical examina-
tion. The range was intended to be great enough to produce a 
reliability which would be in keeping with reliability esti-
mates found in many 11 real-world 11 situations, especially in 
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technical training in the Navy. Internal consistency reli-
abilities were, in fact, in the low to mid .70's range and 
are not unusual for CRT results. Procedures for computing 
the true scores will be given later in the chapter. Exact 
true scores are included in Appendix D. 
The next step in the simulation was to construct a 
hypothetical "test" from which data could be generated. For 
this purpose, a hypothetical twenty item, multiple choice 
"test" was specified. A test length of 20 items was selected 
because it is a fairly common length for criterion referenced 
tests. 
Because an important element under investigation is the 
effect of sampling items from different subsets of item dif-
ficulty, a universe of items was constructed which was com-
prised of two subpopulations of items - one easy and one 
hard. The mean p-value for the easy items was set at .9 and 
for the difficult items it was set at .5. These values were 
selected as averages for the easy and hard subsets of items 
because they are frequent p-values found in our "live" data. 
P-values were distributed around these two means according 
to the binomial density function.37 
In order to obtain a differential effect for sampling 
easy and hard items from the universe of items, items were 
sampled from three domains. The first of these "domains" 
37Refer to pp. 7 and 8 for further explanation. 
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was co~prised of 50% easy items and 50% hard items; the 
second 11 domain 11 was comprised of 70% easy items and 30% hard 
items; and the third 11 domain 11 was comprised of 90% easy items 
and 10% hard items. This range of easy/hard proportions was 
selected in an effort to achieve maximum coverage of the 
spread of difficulty levels found in criterion-referenced 
testing (e.g. see Appendix C). 
Once the 11 Students 11 and the item domqins had been estab-
lished, 11 Student 11 performance data was generated to simulate 
the results of each student taking a series of 11 tests 11 con-
structed of items sampled from each of the three item 
11 domains. 11 The effect of this item sampling was investigated 
by formulating 21 11 tests 11 for each 11 student 11 from each domain 
of items. The 21 11 tests 11 were designed to included the effect 
on 11 Student 11 performance of receiving tests comprised of all 
possible easy/hard item 11 Splits. 11 That is, the first 11 test 11 
was comprised of zero easy items and 20 hard items; the next 
11 test 11 was comprised of 1 easy and 19 hard items; and so on 
for 21 times until a 11 test 11 of 20 easy items and zero hard 
items had been simulated. 
In order to generate a distribution of observed scores 
for each true ability level (or 11 Student 11 ) for each of the 
II tests, 11 data were generated to simulate the results if each 
student had taken each of the 21 11 tests 11 400 times. These 
administrations produced classical measurement error. The 
choice of 400 11 administrations 11 was limited by the time 
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required for the computer to generate the needed volume of 
data. Moreover, this number of observations was considered 
sufficient.38 
To recapitulate the simulation process thus far, there 
has been constructed a set of 25 true scores of 11 Students; 11 
a universe of items conprised of easy and hard items with 
p-values binomially distributed around .9 and .5 respective-
ly, three samples of items drawn from three universes each 
having easy/hard proportions of 50/50, 70/30, and 90/10 re-
spectively and, for each student and each domain, 21 11 tests 11 
or item 11 Splits 11 reflecting (in the proper binomial proper-
tions) student performance when the proportion of items range 
from zero easy and twenty hard to zero hard and twenty easy. 
The data were randomly generated according to these parameters 
and are presented in Appendix E. 
Once all of the simulated data had been generated, sev-
eral procedures for more accurately determining true score 
and mastery status were evaluated. These are: 
38The effect of having selected the items from each of 
the three 11 d om a i n s 11 ( i . e . 50 I 50 e a s y I hard ; 7 0 I 3 0 easy I hard ; 
90/10 easy/hard) was actually introduced by multiplying the 
400 observations per item 11 Split 11 (or 11 test 11 ) by the binomial 
probabilities of obtaining each 11 Split 11 given the number of 
trials and the probabilities (i.e .• 90, .70, .50). In order 
to avoid working with fractional 11 Students 11 for large por-
tions of the distribution, the binomial probabilities were 
multiplied by a constant 1,000. This produced a total fre-
quency for each 11 true score 11 for each domain of approximately 
400,000. 
54 
Procedure 1): The examinee•s observed score was treated as 
the best estimate of true score. 
Procedure 2): The true score estimate was obtained by regres-
sing each observed score to the mean using classical measure-
ment error variance only (i.e. error due to item x person 
interaction) in the calculation of the reliability estimate. 
That is: 
where: rli = i nterna I consistency reI i ab i I i ty 
2 
variance of true aT = scores 
a 2 
e = error variance including only traditional 
error variance 
And each score is then regressed as follows: 
x = r 11 CX0 - M0 ) + M0 
where: " = estimated true X score 
rl! = re I i a b i I i ty as calculated in formu I a 
Xo = observed score 
Mo = observed score mean 
( 16) 
( 1 6 ) 
measurement 
( 17) 
Procedure 3): The true score estimate was obtained by regres-
sing each observed score to the mean using both classical 
measurement error variance and the error variance contributed 
by item sampling in the calculation of the reliability estimate. 
The formulas used are the same as those shown for Procedure 2 
above, except that the error variance includes both sources of 
error. 
Procedure 4): The true score estimate was obtained by regres-
sing each observed score to the test•s cut-score using classical 
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measurement error variance only in the calculation of there-
liability estimate. Each score is regressed as follows: 
A 
where: X = 
rlr = 
xo = 
cs = 
x = rli CX 0 - CS) + CS 
estimated true score 
reliabi I ity as calculated in formula ( 16) 
observed score 
( 1 8 ) 
test's cut-score. Four values were used I? 14 16 d ; -, , , an 
18, representing 60%, 70%, 80%, and 90% cut-scores for a 
20 item test. 
Procedure 5): The true score estimate was obtained by regres-
sing each observed score to the tests cut-score using both 
classical measurement error variance and the error variance 
contributed by item sampling. The formulas used are the same 
as those shown for Procedure 4 above, except that the error 
variance includes both sources of error. 
Procedure 6): The true score estimate was obtained by regres-
sing each observed score to the mean using the Jackson arcsine 
transformation (please see pages 30 and 31 for full procedural 
details). 
Procedure 7): The true score estimate was obtained by using 
the scores obtained in Procedure 2 above, (i.e. observed 
scores regressed to the mean based on r1r calculated using 
classical measurement error variance only) and regressing these 
scores to the test's cut-score using classical measurement 
error variance only in the calculation of the reliability 
estimate. Each is regressed as follows: 
x = r 11 CXr- CS) + CS ( 1 9 ) 
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" = estimated true '"'here: X score 
rli = reI i ab i I i ty as calculated in formu I a ( 16) 
Xr = observed score regressed to mean 
cs = test's cut-score ( 12' 14, 16' 18) 
Procedure 8): The true score estimate was obtained by 
using the scores obtained in Procedure 2 above, and regres-
sing these scores to the test•s cut-score using both classical 
measurement error variance and the error variance contributed 
by item sampling in the calculation of the reliability esti-
mate. The formula used is the same as that shown for Proced-
ure 7 above, except that the error variance used to calculate 
r1r includes both sources of error. 
Procedure 9): This procedure is identical to Procedure 7 
above, except that the Xr scores were obtained from Procedure 
3 (i.e. observed scores regressed to the mean based on r11 
calculated using both classical measurement error variance and 
the error variance contributed by item sampling), not Proced-
dure 2. 
Procedure 10): This procedure is identical to Procedure 8, 
except that the Xr scores were obtained from Procedure 3, not 
Procedure 2. 
Procedure 11): The true score estimate was obtained by using 
the scores obtained in Procedure 6 above (i.e. observed scores 
regressed to the mean using the Jackson transformation), and 
regressing these scores to the test•s cut-score using classi-
cal measurement error variance only in the calculation of the 
reliability estimate. 
57 
Procedure 12): The true score estimate was obtained by using 
the scores obtained in Procedure 6 above, (i.e. observed 
scores regressed to the mean using the Jackson transformation), 
and regressing these scores to the test's cut-score using both 
classical measurement error variance and the error variance 
contributed by item sampling in the calculation of the reli-
ability estimate. 
Procedure 13): The true score estimate was obtained by re-
gressing each observed score to the mean using classical 
measurement error and the squared difference between the mean 
and the cut-score in the calculation of the reliability esti-
mate. 
where: 
That is: 2 2 
rn = 
0 2 = T 
aT + <M
0
-CS) 
r 1 I = -2;::;-----=2 -----=2 
a + a + (M -CS) T e o 
i nterna I consistency re I i ab i I i ty 
variance of true scores 
( 20) 
0 2 = error variance including only traditional measurement e 
error variance 
M = 0 observed score mean 
cs = test's cut-score; using the four values 12, 
Each score is then regressed in accordance with: 
~ = rli (Xo - Mo) + Mo 
where: A = estimated true X score 
rli = re I i ab i I i ty as calculated in formu I a (20) 
Xo = observed score 
Mo = observed score mean 
14, 16, and 
( 2 1 ) 
Procedure 14): The true score estimate was obtained by re-
18 
gressing each observed score to the mean using only the error 
variance contributed by item sampling and the squared 
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difference between the mean and the cut-score in the calcula-
tion of the reliability estimate. The formulas used are the 
same as those shown for Procedure 13 above, except that the 
error variance is based on a different source of error. 
Procedure 15): The true score estimate was obtained by re-
gressing each observed score to the mean using both classical 
measurement error variance, the error variance contributed by 
item sampling and the squared difference between the mean and 
the cut-score in the calculation of the reliability estimate. 
The formulas are the same as those shown for Procedure 13 
above, except that the error variance includes both sources 
of error. 
T~e foregoing procedures were evaluated in two ways. The 
first and most direct approach is an evaluation according to 
the threshold loss analysis of CRT reliability. It is simply 
to count the number of misclassifications each procedure 
allows at each of four cut-scores. The cut-scores of 60%, 
70%, 80%, and 90% were chosen as being typical of criterion-
referenced cut-scores. This procedure was completed and the 
results are presented in the next chapter in Tables 11 and 12. 
The second evaluation adopts the approach of the squared-
error loss proponents of CRT reliability. This process takes 
into account the distance between the true score and the true 
scores as estimated by each procedure. This analysis is based 
on the squared deviations of estimated true scores from the 
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actual true score averaged over all students. This is given: 
wnere: 
S 2 = (N-1)-I 
e 
N 
L 
i=l 
S 2 = error variance eA 
x = an estimated true score 
N =number of people at x 
Xoo = actual true score 
( 22) 
The results of this analysis are presented in the next 
chapter in Tables 13 through 17. 
Actual Data 
CHAPTER IV 
RESULTS 
It was an important objective of this study to deter-
mine whether there was any supportive evidence in 11 real-
world11 testing situations to justify corrections for the 
effects of item sampling (from subpopulations of items with 
different p-values) on the estimation of examinees• true 
scores. As was indicated in the preceding chapter, the 
actual data used in the 11 real-world 11 analysis was based on 
the 15 examinations used in the Navy•s Fireman Apprentice 
training course. The following two paragraphs are cursory 
descriptions of the procedures specified on pages 38 through 
41. 
Yn order to determine whether the items on each of the 
15 tests had been drawn from a population of items of one, 
or more than one difficulty level, the actual p-value 
variance and the theoretical binomial p-value variance 
(based on the mean p-value of the test and the number of 
items in the test) was calculated. If the items in each 
test had been drawn from a population of items of only a 
single difficulty level, then the distribution of item 
p-values in the sample (i.e. the test) would be due solely 
to item-person interaction and should be distributed as a 
binomial probability density function. The two variances-
60 
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the actual and the theoretical - were compared by means of 
an F ratio with the actual variance of the distribution of 
p-values in the numerator and the theoretical binomial 
variance in the denominator. 
The formal hypotheses which were tested for each of 
the 15 examinations were: 
H0 : VARbi = VARobs 
H1 : VARbi F VARobs 
Where: VARbi = the theoretical binomial p-value variance 
computed as in formula 12 on page 39 
VARobs = the actual p-value variance 
The alpha level was set at .05 and the F test was run 
for each of the 15 Fireman exams. The results are shown in 
Table 1. For 8 out of the 15 tests the F reached signifi-
cance at the .05 level or better, the null hypothesis was 
rejected, and the alternative hypothesis was accepted. 
These results demonstrate that in 8 out of 15 cases a single 
theoretical binomial distribution does not adequately ''fit" 
the actual distribution of p-values. For these tests it 
was concluded that some factor other than item/person inter-
action had influenced the distribution. 
Since certain of the Fireman examinations included 
questions covering more than one curricular objective, a 
separate analysis was carried out to determine whether this 
factor, i.e. the content differences within the tests, could 
have caused the non-binomial nature of the 8 distributions. 
Table 1 
F ratios, degrees of freedom and significances of difference 
between the theoretical binomial variance and actual variance 
of p-values for the 15 Fireman tests. 
Test F df significance 
1 1.57816 2.4/443 <.05 
2 1.02934 39/411 N • S • 
3 .49234 49/311 <.01* 
4 1. 99468 19/382 <. 01 
5 1.67712 29/407 <.05 
6A 2.01345 29/323 <. 01 
6B 3.17897 19/309 <. 01 
7 1.78790 19/370 <.05 
8 .78236 49/347 N. S. 
9 1.38860 29/374 N • S • 
10 1.88604 29/452 <. 01 
11 .98278 49/358 N • S • 
12 . 93906 39/390 N. S. 
13 1.31738 39/536 N. S. 
15 1.66945 39/464 <. 01 
*This result is in the opposite direction ( i . e . actual 
variance much smaller than theoretical variance) and no 
expl aination for it i s available. 
62 
63 
of the 8 11 non-bimonial 11 tests, four contained items covering 
more than one objective and four were based upon only one 
objective. Each of the four examinations covering two 
related but different objectives were analyzed in two 
separate ways. First the Kolmogorov-Smirnov two-sample 
test was run. This procedure produced maximum differences 
between the two cumulative frequency distributions which 
were not significant at the .05 level. Second a t test on 
the means of each of the two p-value subsets was run. The 
t•s were also found to be not significant at the .05 level. 
These results are presented in Table 2. 
Further visual inspection of the items, using the 
ranked and plotted p-values as shown in Appendix C was 
conducted, looking for other possible content or format 
causes for the 11 non-binomial 11 nature of the p-value distri-
butions. None were discerned. 
It was concluded that for 8 of the 15 Fireman examina-
tions, the item p-values were not distributed as a simple 
binomial, that this fact was not due to differences in the 
content of the items and, therefore, that the population of 
items from which these tests (samples of items) were drawn 
contained items with more than one level of difficulty. 
For these 8 examinations a further analysis was 
conducted to determine whether a theoretical distribution 
of p-values with two distinct levels of difficulty would 
Table 2 
11 ~l 0 n - b i n om i a 1 11 F i rem a n t e s t s ; n u m b e r o f o b j e c t i v e s co v e red 
by each test, and for tests covering more than one objective, 
Kolmogorov-Smirnov 0, its significance, t from t test on the 
means and its significance. 
Test Number of Kolmogorov- Signifi- t test Signifi-
Number Objectives Smirnov 0 cance t cance 
1 2 .0952 N. S. * .2707 N. S. 
4 1 
5 2 . 1131 N. S. .0014 N • S . 
6A 1 
68 1 
7 2 .5333 N. S. .6889 N. S. 
10 2 .3611 N. S. 1.8515 N. S. 
15 1 
*Not significant at .OS level of significance. 
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provide an adequate 11 fit 11 for the actual p-value distribu-
tions. The following paragraphs summarize this procedure 
which is described fully on pages 41 through 45. 
After ranking the item p-values for each test from high 
to low, a series of pairs of item subsets were formed; first 
with the highest single p-value item in the upper group and 
the K-1 lowest items in the lower group; next with the two 
highest items in the upper group and the K-2 lowest items in 
the lower group, and so on until the upper group contained 
K-1 items and the lower group contained the single item with 
the lowest p-value. Next, the theoretical variance was 
calculated. This variance was comprised of two theoretical 
binomial variances - one based on the mean p-value and number 
of items of the upper group and the other based on the mean 
p-value and number of items of the lower group. 
Next, for each pair of item groups, an F ratio was formed 
with the actual p-value variance of the test in the numerator 
and the theoretical variance based upon the particular pair of 
item groups in the denominator. This procedure was carried 
out for all pairs of item groups, i.e. K-1 turns for each of 
the 8 11 non-binomial 11 tests. 
The formal hypotheses which were tested for each of the 
8 11 non-binomi al 11 tests were: 
Where: 
Ho: VARtheor = VARobs 
H1: VARtheor ~ VARobs 
VARtheor = the theoretical p-value variance 
computed as in formula 2 on page 44 
VARobs = the actual p-value variance 
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Degrees of freedom, variances, F ratios and signifi-
cances for each of the 8 11 non-binomial 11 tests are presented 
in Tables 3 through 10 respectively. 
A significant F ratio indicates that the theoretical 
p-value variance (consisting of the theoretical binomial 
variances calculated for a particular pair of item sets-
i.e. based on two levels of difficulty- and then statisti-
cally combined) is significantly different from the observed 
p-value variance of the actual test. For that particular 
pair of item sets, the null hypothesis would be rejected. 
That is, the actual distribution of p-values was not ade-
quately 11 fit 11 by the two theoretical p-value distributions 
formed by that particular pair of item sets. 
For each test, however, a point was reached in the 
pairing of item groups, where the F was not significant. 
This means that the theoretical p-value variance for a 
particular pair of item sets (i.e. based on two levels of 
difficulty) was not significantly different from the ob-
served p-value variance of the actual test. This repeated 
finding strongly supports the general hypothesis that a 
theoretical p-value distribution based on two levels of 
Table 3 
variances, F ratios and significance of difference between 
theoretical variance (combined binomial) and actual variance 
of p-values for paired groups of ranked items for 11 non-
b i nom i a 1 11 F i reman Test 1 • 
Number people= 444 
Number items (K) = 25 
Actual p value variance = .007313 
K ( up) Theoretical p F 
K ( 1 ow) value variance 
1/24 ............... .004853 . ............ 1.50703 
2/23 ............... .005077 . ............ 1.44052 
3/22 ............... .005307 . ............ 1.37797 
4/21 ............... .005560 . ............ 1.31537 
5/20 ............... .005823 . ............ 1.25602 
6/19 ............... .006113 . ............ 1.19631 
7/18 ............... .006354 . ............ 1.15091 
8/17 ............... .006593 . ............ 1.10929 
9/16 ............... .006830 . ............ 1.07080 
10/15 ............... .007049 . ............ 1.03745 
11/14 ............... .007306 . ............ 1.00096 
12/13 ............... .007551 . ............ .96856 
13/12 ............... .007824 . ............ .93479 
14/11 ............... .008112 . ............ .90156 
15/10 ............... .008445 . ............ .86596 
16/9 ................ .008606 . ............ .84980 
17/8 ................ .008793 . ............ .83173 
18/7 ................ .008893 . ............ .82239 
19/6 ................ .008985 . ............ .81400 
20/5 ................ .008770 . ............ .83394 
21/4 ................ .008575 . ............ .85287 
22/3 ................ .008405 . ............ .87014 
23/2 ................ .008472 . ............ .86320 
24/1 ................ .008219 . ............ .88979 
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Table 4 
Variances, F ratios and significance of difference between 
theoretical variance (combined binomial) and actual variance 
of p-values for paired groups of ranked items for 11 non-
binomial11 Fireman Test 4. 
Number people= 383 
Number items (K) = 20 
Actual p value variance = .017673 
K (up) 
K(low) 
Theoretical p 
value variance 
1/19 ............... .010610 . ............ 
2/18 ............... .012009 . ............ 
3/17 ............... . 013540 . ............ 
4/16 ............... • 015115 . ............ 
5/15 ............... .016750 . ............ 
6/14 ............... .018248 . ............ 
7/13 ............... .019998 . ............ 
8/12 ............... .020605 . ............ 
9/11 ............... .021176 . ............ 
10/10 ............... .021949 . ............ 
11/9 ................ .021307 . ............ 
12/8 ................ . 020470 . ............ 
13/7 ................ .019546 . ............ 
14/6 ................ .018749 . ............ 
15/5 ................ .017801 . ............ 
16/4 ................ .016649 . ............ 
17/3 ................ .015350 . ............ 
18/2 ................ .013335 . ............ 
19/1 ................ .011521 . ............ 
*Significant at .05. 
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F 
1.66562* 
1.47156 
1.30523 
1.16918 
1.05505 
.96849 
.88373 
.85769 
.83455 
.80518 
.82942 
.86333 
.90415 
.94258 
.99276 
1.06150 
1.15128 
1.32529 
1. 53392 
Table 5 
Variances, F ratios and significance of difference between 
theoretical variance (combined binomial) and actual variance 
of p-values for paired groups of ranked items for "non-
b i nom i a 1 " F i reman Test 5 . 
Number people = 408 
Number i terns ( K) = 30 
Actual p value variance = .016064 
K (up) 
K ( 1 ow) 
Theoretical p 
value variance 
1/29 ............... .010131 . ............ 
2/28 ............... .010703 . ............ 
3/27 ............... .011317 . ............ 
4/26 ............... .011911 . ............ 
g/25 ............... .012507 . ............ 
6/24 ............... .013107 . ............ 
7/23 ............... .013761 . ............ 
8/22 ............... .014451 . ............ 
9/21 ............... .015079 . ............ 
10/20 ............... .015723 . ............ 
11/19 ............... .016304 . ............ 
12/18 ............... .016960 . ............ 
13/17 ............... .017530 . ............ 
14/16 ............... .017982 . ............ 
15/15 ............... .018166 . ............ 
16/14 ............... .018370 . ............ 
17/13 ............... .018629 . ............ 
18/12 ............... .018827 . ............ 
19/11 ............... .019125 . ............ 
20/10 ............... .019443 . ............ 
21/9 ................ .019622 . ............ 
22/8 ................ .019481 . ............ 
23/7 ................ .019407 . ............ 
2 4/6 ................ .019388 . ............ 
25/5 ................ .019181 . ............ 
26/4 ................ .017841 . ............ 
27/3 ................ .016680 . ............ 
28/2 ................ .015643 . ............ 
29/1 ................ .014162 . ............ 
*Significant at . 05. 
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F 
1.58551* 
1.50083* 
1.41940 
1.34864 
1.28437 
1.22557 
1.16732 
1.11160 
1.06527 
1.02168 
.98524 
.94714 
.91636 
.89333 
.88428 
.87444 
.86229 
.85322 
.83992 
.82620 
.81867 
.82457 
.82774 
.82851 
.83750 
.90037 
.96306 
1.02688 
1.13424 
Table 6 
variances, F ratios and significance of difference between 
theoretical variance (combined binomial) and actual variance 
of p-values for paired groups of ranked items for 11 non-
b in om i a 1 11 F i reman Test 6 A. 
Number people= 324 
Number items (K) = 30 
Actual p value variance= .028878 
K (up) 
K(low) 
Theoretical p 
value variance 
1/29 ............... .015308 . ............ 
2/28 ............... .016204 . ............ 
3/27 ............... .017065 . ............ 
4/26 ............... .017755 . ............ 
5/25 ............... .018444 . ............ 
6/24 ............... .019131 . ............ 
7/23 ............... .019782 . ............ 
8/22 ............... .020469 . ............ 
9/21 ............... .021160 . ............ 
10/20 ............... .021821 . ............ 
11 I 19 ............... .022453 . ............ 
12/18 ............... .023097 . ............ 
13/17 ............... .023833 . ............ 
14/16 ............... .024595 . ............ 
15/15 ............... .025434 . ............ 
16/14 ............... .026323 . ............ 
17/13 ............... .027231 . ............ 
18/12 ............... .028268 . ............ 
19/11 ............... .029269 . ............ 
20/10 ............... .030036 . ............ 
21/9 ................ .031051 . ............ 
22/8 ................ .032097 . ............ 
23/7 ................ .032973 . ............ 
24/6 ................ .034181 . ............ 
25/5 ................ .034782 . ............ 
26/4 ................ .033206 . ............ 
27/3 ................ .031684 . ............ 
28/2 ................ .027394 . ............ 
29/1 ................ .020818 . ............ 
*Significant at . 0 5. 
**Significant at . 01. 
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F 
1.88643** 
1.78208** 
1.69216* 
1.62641* 
1.56570* 
1.50949* 
1.45975 
1.41076 
1.36473 
1.32340 
1.28612 
1.25029 
1.21167 
1.17411 
1.13538 
1.09706 
1. 06046 
1.02155 
.98663 
.96143 
.93001 
.89969 
.87580 
.84485 
.83025 
.86966 
.91142 
1. 05417 
1.38716 
Table 7 
variances, F ratios and significance of difference between 
theoretical variance (combined binomial) and actual variance 
of p-values for paired groups of ranked items for "non-
b i nom i a 1 " F i reman Test 6 B • 
Number people= 310 
Number i terns ( K) = 20 
Actual p value variance = .024509 
K (up) 
K ( 1 ow) 
Theoretical p 
value variance 
1/19 ............... 
2/18 ............... 
3/17 ............... 
4/16 ............... 
5/15 ............... 
6/14 ............... 
7/13 ............... 
8/12 ............... 
9/11 ............... 
10/10 ............... 
11/9 . . . . . . . . ........ 
12/8 ................ 
13/7 ................ 
14/6 ................ 
15/5 ................ 
16/4 ................ 
17/3 ................ 
18/2 ................ 
19/1 ................ 
*Significant at .05. 
**Significant at .01. 
.008370 . ............ 
.009065 . ............ 
.009803 . ............ 
.010590 . ............ 
.011484 . ............ 
.012411 . ............ 
.013335 . ............ 
.014262 . ............ 
.015151 . ............ 
.016237 . ............ 
.017457 . ............ 
.018869 . ............ 
.020635 . ............ 
.021141 . ............ 
.021273 . ............ 
.021774 . ............ 
.022771 . ............ 
.025253 . ............ 
.018390 . ............ 
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F 
2.92808** 
2.70349** 
2.50021** 
2.31426** 
2.13421** 
1.97472** 
1.83795* 
1.71844* 
1.61768 
1.50944 
1.40394 
1.29894 
1.18773 
1.15929 
1.15210 
1.12559 
1.07635 
.97056 
1.33274 
Table 8 
variances, F ratios and significance of difference between 
theoretical variance (combined binomial) and actual variance 
of p-values for paired groups of ranked items for "non-
binomial" Fireman Test 7. 
Number people = 371 
Number items (K) = 20 
Actual p value variance = .016234 
K (up) 
K ( 1 ow) 
Theoretical p 
value variance 
1/19 . . . . . . . . . . . . . . . .010624 ............. 
2/18 . . . . . . . . . . . . . . . .012047 ............. 
3/17 . . . . . . . . . . . . . . . .013349 ............. 
4/16 . . . . . . . . . . . . . . . .014387 ............. 
5/15 . . . . . . . . . . . . . . . .015114 ............. 
6/14 . . . . . . . . . . . . . . . .015862 ............. 
7/13 . . . . . . . . . . . . . . . .016775 ............. 
8/12 . . . . . . . . . . . . . . . .017724 ............. 
9/11 . . . . . . . . . . . . . . . .018418 ............. 
10/10 . . . . . . . . . . . . . . . .018746 ............. 
11/9 . . . . . . . . . . . . . . . . .019278 ............. 
12/8 ................ .019501 . ............ 
13/7 . . . . . . . . . . . . . . . . . 018909 ............. 
14/6 . . . . . . . . . . . . . . . . .018481 ............. 
15/5 ................ .017727 . ............ 
16/4 . . . . . . . . . . . . . . . . • 016757 ............. 
17/3 . . . . . . . . . . . . . . . . .015997 ............. 
18/2 . . . . . . . . . . . . . . . . .015111 ............. 
19/1 . . . . . . . . . . . . . . . . .014457 ............. 
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F 
1.52800 
1.34751 
1.21606 
1.12836 
1.07410 
1.02347 
.96775 
.91591 
.88141 
.86599 
.84207 
.83245 
.85853 
.87840 
.91579 
.96879 
1.01478 
1.07427 
1.12293 
Table 9 
Variances, F ratios and significance of difference between 
theoretical variance (combined binomial) and actual variance 
of p-values for paired groups of ranked items for "non-
binomial" Fireman Test 10. 
Number people= 453 
Number items (K) = 30 
Actual p value variance = .019689 
K {up) 
K ( 1 ow) 
Theoretical p 
value variance 
1/29 ............... .011115 . ............ 
2/28 ............... .011797 . ............ 
3/27 ............... .012486 . ............ 
4/26 ............... .013185 . ............ 
5/25 ............... .013896 . ............ 
6/24 ............... .014598 . ............ 
7/23 ............... .015107 . ............ 
8/22 ............... • 015559 . ............ 
9/21 ............... .016047 . ............ 
10/20 ............... .016573 . ............ 
11/19 ............... .017142 . ............ 
12/18 ............... .017758 . ............ 
13/17 ............... .018381 . ............ 
14/16 ............... .018986 . ............ 
15/15 ............... .019633 . ............ 
16/14 ............... .020360 . ............ 
17/13 ............... .021066 . ............ 
18/12 ............... .021758 . ............ 
19/11 ............... .022123 . ............ 
20/10 ............... .022336 . ............ 
21/9 ................ .022668 . ............ 
22/8 ................ .022756 . ............ 
23/7 ................ .023004 . ............ 
24/6 ................. .023033 . ............ 
25/5 ................ .023146 . ............ 
26/4 ................ .021654 . ............ 
27/3 ................ .020196 . ............ 
28/2 ................ .018513 . ............ 
29/1 ................ .016820 . ............ 
*Significant at . 0 5 . 
**Significant at . 01. 
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F 
1.77133** 
1.66894* 
1.57678* 
1.49320* 
1.41683 
1.34869 
1.30325 
1.26538 
1.22692 
1.18799 
1.14859 
1.10868 
1.07116 
1.03700 
1. 00284 
.96703 
.93461 
.90489 
.88995 
.88146 
.86858 
.86519 
.85587 
.85482 
.85063 
.90922 
.97486 
1.06352 
1.17057 
Table 10 
variances, F ratios and significance of difference between 
theoretical variance (combined binomial) and actual variance 
of p-values for paired groups of ranked items for 11 non-
binomial11 Fireman Test 15. 
Number people= 465 
Number items (K) = 40 
Actual p value variance = .023947 
K (up) 
K ( 1 ow) 
Theoretical p 
value variance 
1/39 ............... .015245 . ............ 
2/38 ............... .016192 . ............ 
3/37 ............... .017150 . ............ 
4/36 ............... .017931 . ............ 
5/35 ............... .018722 . ............ 
6/34 ............... .019542 . ............ 
7/33 ............... .020393 . ............ 
8/32 ............... .021280 . ............ 
9/31 ............... .022116 . ............ 
10/30 ............... .022968 . ............ 
11/29 ............... .023793 . ............ 
12/28 ............... .024524 . ............ 
13/27 ............... .025320 . ............ 
14/26 ............... .025952 . ............ 
15/25 ............... .026463 . ............ 
16/24 ............... .026758 . ............ 
17/23 ............... .027071 . ............ 
18/22 ............... .027403 . ............ 
19/21 ............... .027518 . ............ 
20/20 ............... .027534 . ............ 
21/19 ............... .027592 . ............ 
22/18 ............... .027598 . ............ 
23/17 ............... .027481 . ............ 
24/16 ............... .027431 . ............ 
25/15 ............... .027380 . ............ 
26/14 ............... .027403 . ............ 
27/13 ............... .027281 . ............ 
28 I 12 ............... .027215 . ............ 
29/11 ............... .027188 . ............ 
30/10 ............... .027209 . ............ 
31/9 ................ .027071 . ............ 
32/8 ................ .027031 . ............ 
33/7 ................ .026514 . ............ 
34/6 ................ .025922 . ............ 
35/5 ................ .025202 . ............ 
36/4 ................ .024336 . ............ 
37/3 ................ .023614 . ............ 
38/2 ................ .022053 . ............ 
39/1 ................ .020340 . ............ 
74 
F (*Signi-
cance at .05) 
1.57084* 
1.47889* 
1.39632 
1.33548 
1.27911 
1.22543 
1.17425 
1.12536 
1.08280 
1.04263 
1.00646 
.97646 
.94578 
.92276 
.90495 
.89496 
.88460 
.87388 
.87023 
.86974 
.86791 
.86772 
.87142 
.87298 
.87462 
.87389 
.87779 
.87992 
.88081 
.88013 
.88460 
.88593 
.90318 
.92382 
.95020 
.98402 
1.01411 
1.08587 
1.17734 
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difficulty will 11 fit 11 the actual p-value distribution for each 
of the tests. Since a point of 11 no significant difference 11 
was found between the theoretical p-value variance and the ob-
served p-value variance, the null hypothesis was accepted for 
each of the 8 11 non-binomial 11 tests and no further analysis was 
carried out (e.g. to find a more complex distribution based on 
three distinct distributions of p-values. It was sufficient 
to conclude that in all cases where item p-values were not dis-
tributed in accordance with a theoretical distribution based on 
a single level of item difficulty, they were distributed in a 
fashion closely approximated by a theoretical distribution 
based on two levels of item difficulty. 
The point at which the F value is closest to 1.00 is 
considered to be the point at which the theoretical distri-
bution of p-values is closest to the actual distribution of 
p-values. A point is always reached where the ratio between 
the actual distribution of p-values and a theoretical distri-
bution based on two distinct binomial distributions very 
closely approximates 1.00. 
In summary, based on the analysis of the Fireman exams 
it was determined that in about half the cases (8 out of 15 
tests) a simple binomial distribution of item p-values was 
not a sufficient theoretical model to explain the obtained 
distributions of p-values. In each of these cases, however, 
a distribution consisting of two binomially distributed 
sub pop u 1 at ions of d i f f i c u 1 ty 1 eve 1 s d i d pro vi de a s u f f i c i en t 
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theoretical model to explain the obtained distribution of 
p-val ues. 
These findings constitute supportive evidence from 
11 real-world 11 testing situations for the effects of item 
sampling from subpopulations of items with different p-
values. The findings suggest that such item sampling could 
affect the examinees• estimated true scores. Since the 
effect produced by the item sampling is not an effect pro-
duced by differences in examinees• true scores, it must be 
treated as error variance. As such, it should be recognized 
and corrected for as accurately as possible. The second 
portion of this study is concerned with various ways of 
estimating true score with special attention given to cor-
recting for error added by item sampling. 
Simulated Data 
The second part of this study is primarily concerned 
with true score estimation and the relationship of the true 
score to the cut-score. The are two general hypotheses 
relative to the interpretation of the difference between the 
estimated true score and the cut-score. These are that the 
interpretation will be improved by: 
a) regressing the observed score not only to the mean 
but also to the cut-score, and 
b) incorporating the effects of item sampling in the 
mastery state classification procedure. 
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Fifteen different procedures were analyzed to determine 
the relative precision with which they classified 11 Students 11 
into mastery/non-mastery categories. The 11 Students 11 were 
actually frequencies generated by a computer programmed to 
generate random numbers according to specified parameters 
and a binomial probability density function. Consequently, 
the true score for each 11 Student 11 was known and the amount 
of error contained in distributions based on these known 
true scores was readily calculable. 
To summarize the data generation procedures which are 
given in detail on pages 50 through 54, there were constructed 
a set of 25 normally distributed true scores (or 11 students 11 ) 
expressed in terms of the number correct on a twenty item 
test; a universe of items comprised of easy and hard items 
with p-values binomially distributed around .9 and .5 respec-
tively; three samples of items drawn from three universes 
consisting of easy/hard proportions of 50/50, 70/30 and 90/10 
respectively and, for each student and each domain, 21 11 tests 11 
or item 11 Splits 11 reflecting (in the proper binomial propor-
tions) student performance (observed scores) when the propor-
tion of items range from zero easy and twenty hard to zero 
hard and twenty easy with the number of "administrations" per 
11 test 11 set at 400. In order to achieve the 50/50, 70/30, 
90/10 proportions of easy/hard items needed to reflect the 
three universes, the number of times each 11 test 11 (or item 
usplit") was administered was multiplied by the binomial 
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probability of such a 11 Spl it" occurring. This produced a 
total 11 N11 for each true score for each domain of 400,000. 
This data is provided in Appendix E. 
The purpose of three different universes of items (i.e. 
50/50, 70/30, 90/10 proportions of easy/hard items) is to 
provide the domain from which specific samples could be 
drawn. The item 11 Spl its 11 (i.e. 0/20, 1/19 ••. 20/0 easy/hard 
items) or 11 tests 11 are the specific samples drawn from the 
domains. This framework was designed to allow investigation 
of error introduced into the estimation of true score by 
sampling items from among universes of items of different 
levels of difficulty. This effect is identified in Appendix 
0 as Variance 1 (item effect error). 
The purpose of simulating 400 "administrations" for each 
11 test" for each 11 Student 11 is to provide classical measurement 
error. This effect is identified in Appendix 0 as Variance 2 
(person x item interaction, measurement error). 
Together, the two sources of error variance- classical 
measurement error and item effect error - constitute the total 
variance in each of the 75 distributions (i.e. 25 11 Student" 
true scores times three item domains). This is confirmed by 
the fact that Variance 3 (total error score) in Appendix 0 
was calculated independently of Variances 1 and 2 by comput-
ing the sum of the squared deviations of all observed scores 
from the mean, and except for minor rounding errors, Vari-
ances 1 and 2 sum to equal Variance 3 for each distribution. 
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Since all error variance, in this paper, is accounted for by 
measurement error and item effect error variance, and since 
the true score is known and all observed score variance is, 
therefore, error variance, it follows that all variance in 
the several distributions is accounted for by measurement 
error and item effect error variance. 
As has been stated previously, the purpose of this 
portion of the study was to determine which of several pro-
cedures is best able to account and correct for the error 
variance of the several distributions. On pages 17 through 
25 two decison-theoretic approaches to CRT reliability were 
discussed. These were the threshold loss function and the 
squared error loss function. The former considers reliabil-
ity in terms of the number of misclassifications which the 
test produces, regardless of the degree of the misclassifi-
cations. The latter considers reliability in terms of de-
gree of mastery or non-mastery, or, put another way, in 
terms of how far the misclassified true score is from the 
cut-score. Both of these approaches were utilized to eval-
uate the effectiveness of the 15 procedures which were ap-
praised in this study. Four fairly common cut-off percent-
ages (60%, 70%, 80%, and 90%) were used with both evaluation 
approaches using all 15 procedures. 
A brief synopsis of the 15 true score estimation proce-
dures (which were .described on pages 54 through 58) follows: 
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Procedure 1): Observed score best estimate of true score. 
Procedures 2 and 3): Observed score regressed to mean using, 
for #2, measurement error variance only (i.e. error due to 
item x person interaction), and for #3, all error variance 
(both measurement and item effect). 
Procedures 4 and 5): Observed score regressed to cut-score 
using, for #4, measurement error variance only, and for #5, 
all error variance. 
Procedure 6): Observed score regressed to mean using Jackson 
transformation. 
Procedures 7, 8, 9, and 10): Scores regressed to the mean in 
Procedures 2 and 3 are regressed to the cut-score. Scores 
from Procedure 2 are regressed using, for #7, measurement 
error variance only, and for #8, using all error variance. 
Scores from Procedure 3 are regressed using, for #9, measure-
ment error variance only, and for #10, using all error vari-
ance. 
Procedures 11 and 12): Scores regressed to the mean in Pro-
cedure 6 are regressed to the cut-score using, for #11, mea-
surement error variance only, and for #12, all error vari-
ance. 
Procedures 13, 14, and 15): Observed score regressed to the 
mean using the squared difference between the mean and the 
cut-score plus, for #13, measurement error variance only, for 
#14, item effect error variance only, and for #15, all error 
variance. 
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Tables 11 and 12 indicate, from a threshold loss perspec-
tive, the relative ability of each of the foregoing procedures 
to estimate true scores. ·Table 11 shows the results of a 
simple count of the number of times an estimated true score 
would have been incorrectly assigned to mastery/non-mastery 
status. "Incorrectly classified" means that the estimated 
true score was not on the same side of the cut-score as the 
true score. A more detailed breakdown of this data, showing 
the number of misclassifications by procedure, by item domain, 
and by cut-score is found in Appendix F. The data in this 
appendix indicates that for all procedures, fewer misclassifi-
cations are made when the cut-score is furthest removed from 
the mean. This is because the potential for misclassifica-
tions is greatest when the cut score and mean are identical 
and becomes smaller as the cut score recedes from the mean. 
For example, it is obvious when the cut score is far removed 
from its mean that no misclassifications can occur because no 
observed scores will cross the cut score. 
Table 12 shows the misclassificatons, by procedure, as a 
proportion of the misclassifications occurring using the ob-
served score as the base. This facilitates comparisons between 
the preocedures. It is of interest to note that Procedure 6 
and its variations (Procedures 11 and 12) are superior to all 
other procedures for the 50/50 and 70/30 domains. However, 
they are the worst for the 90/10 domain. Three procedures 
showed no improvement over the observed score. These were 
Table 11 
(Threshold-loss) 
Number of misclassifications1 occurring when true score is 
estimated by each of the 15 procedures for item samples 
based on 50/50, 70/30, and 90/10 respective proportions of 
easy and hard items. 
Item Domain 
Procedure 50/50 70/30 90/10 Tot a 1 
1 6,030,998 5,992,168 5,058,320 17,081,486 
2 5,288,965 5,025,566 4,674,941 14,989,472 
3 5,288,965 5,025,566 4,674,941 14,989,472 
4 6,030,998 5,992,168 5,058,320 17,081,486 
5 6,030,998 5,992,168 5,058,320 17,081,486 
6 5,273,359 4,962,053 5,546,088 15,781,500 
7 5,288,965 5,025,566 4,674,941 14,989,472 
8 5,288,965 5,025,566 4,674,941 14,989,472 
9 5,288,965 5,025,566 4,674,941 14,989,472 
10 5,288,965 5,025,566 4,674,941 14,989,472 
11 5,273,359 4,962,053 5,546,088 15,781,500 
12 5,273,359 4,962,053 5,546,088 15,781,500 
13 5,823,467 5,748,637 4,842,783 16,414,887 
14 6,030,998 5,992,168 5,058,320 17,081,486 
15 5,463,422 5,475,791 4,842,783 15,781,996 
1Number of observations for each procedure by each domain = 
10,000,000. 
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Table 12 
(Threshold-loss) 
Misclassifications, by procedure, in Table 11 shown as a 
proportion of misclassifications occurring using observed 
score misclassifications (i.e. Procedure 1) as the base. 
Item Domain 
Procedure 50/50 70/30 90/10 Tot a 1 
1 1.0000 1.0000 1.0000 1.0000 
2 .8769 .8386 .9242 .8775 
3 .8769 .8386 .9242 .8775 
4 1.0000 1.0000 1. 0000 1.0000 
5 1.0000 1.0000 1. 0000 1.0000 
6 .8743 .8280 1. 0964 .9238 
7 .8769 .8386 .9242 .8775 
8 .8769 .8386 .9242 .8775 
9 .8769 .8386 .9242 .8775 
10 .8769 .8386 .9242 .8775 
11 .8743 .8280 1. 0964 .9.238 
12 .8743 . 8280 1.0964 .9238 
13 .9655 .9593 .9573 .9609 
14 1.0000 1.0000 1.0000 1. 0000 
15 .9058 .9138 .9573 .9239 
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procedures 3 and 4 which regressed the observed score to the 
cut-score only and Procedure 14 which regressed the observed 
score to the mean using item effect error variance plus the 
squared deviation between the mean and the cut-score. 
Table 12 shows that no procedure is consistently the 
best across all domains. Six procedures are equally most 
effective for the total (Procedures 2, 3, 7, 8, 9, and 10). 
Procedures 6, 11, and 12 are most effective for the 50/50 
and the 70/30 domains. The same six procedures which were 
most effective for the total were most effective for the 90/ 
10 item domain. The observed score is, relative to the other 
procedures, worst in the 70/30 domain and best in the 90/10 
domain. 
In most cases, the least accurate procedure was Proce-
dure 1, the unregressed observed score. However, when the 
item domain was 90% easy and 10% hard, Procedure 6 and its 
variations (Procedures 11 and 12) resulted in more misclas-
sifications than the observed score. Procedures 4, 5, and 
14 were identical to one another and to Procedure 1 across 
all domains. Procedures 13 and 15, although consistently 
better than the observed score and its variations across all 
domains, do consistently less well than Procedures 2, 3, 7, 
8, 9, and 10. 
Tables 13 through 17 assess the relative effectiveness 
of each of the procedures from a squared error loss perspec-
tive. Table 13 provides an over view of the error variance 
Table 13 
(Squared error-loss) 
Error variance1 by procedure and difficulty of item 
sample. 
Item Domain 
Procedure 50/50 70/30 90/10 To ta 1 
1 4.5624 3 '9 381 2.9481 3.8162 
2 3.3382 2.8603 2.1791 2.7925 
3 3.3104 2.8388 2.1740 2.7744 
4 3.7859 3.2118 2.6860 3.2279 
5 3.9271 3.3183 2.7740 3.3398 
6 3.5017 3.2792 2.9360 3.2390 
7 4.0777 3.4781 2.9749 3.5102 
8 4.4042 3.7421 3.1289 3.7584 
9 4.2224 3.6196 3.0358 3.6259 
10 4.5857 3.8950 3.1936 3.8914 
11 4.8447 4.4688 4.1376 4.4837 
12 5.2393 4.7866 4.3093 4.7784 
13 3.5331 3.0158 2.3212 2.9567 
14 4.3050 3.6058 2.8272 3.5793 
15 3.4472 2.9452 2.3053 2.8992 
1Error variance is the squared deviation of estimated true 
scores from the true score averaged over all observations 
for the procedure/item sample. 
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by procedure for each of the item domains and for the total 
(average of three domains). 
The procedure which results in the smallest amount of 
error variance for each of the item domains is Procedure 3 
which regresses the observed score to the mean using all 
available variance (i.e. both measurement error variance and 
item effect error variance). Procedure 2, which is a variant 
of Procedure 3, resulted in the second smallest amount of 
variance for all domains. Procedure 12 consistently resulted 
in the greatest amount of error variance and its variant. 
Procedure 11 was uniformly the second worst procedure. 
Table 13 shows that the amount of error variance is 
always smaller for the 90/10 item domain than for the more 
difficult item domains. The number of misclassifications 
(in Table 11) are also smaller for 12 of the 15 procedures 
in the 90/10 item domain relative to the other domains. 
Interestingly, Table 12 indicates that the 90/10 domain of 
items reduces the disparity between the observed score and 
the other procedures relative to the other domains. 
Table 14 shows the comparison of error variances among 
all 15 procedures for the total of all item domains. These 
data indicate that Procedure 3 is superior to all others but 
not statistically superior to Procedure 2. Procedures 3 and 
2 are both significantly better than all other procedures 
examined in this study. Procedure 2 is the standard regres-
sion to the mean using classical measurement error to compute 
():) 
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Table 14 
(Squared error-loss) 
Total 
F ratios1 and significances2 for error variances (as indicated in Table 12) produced by comparing each 
of the 15 Procedures against every other procedure for the total sample of items. Degrees of freedom 
between = 8399. Degrees of freedom within = 8399. 
Procedure 11 10 1 8 9 14 7 5 6 4 13 15 2 
12 ••.• 065** 227** 252** 271** 317** 335** 361** 430** 475** 480** 616** 648** 711** 
11 •...•••..•. 152** 174** 192** 236** 252** 277** 342** 384** 389** 516** 546** 605** 
10 .•..••..•.•.....•• 043* 059** 098** 112** 134** 192** 229** 233** 346** 373** 425** 
1 . . . . . . . . . . . . . . . . . . . . . . . . . 015 052** 066** 087** 142** 178** 182** 290** 316** 366** 
8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 04 9* 050* 070** 125** 160** 164** 354** 296** 345** 
9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 013 032 085** 119** 123** 226** 250** 298** 
14 .............................................. 019 071** 105** 108** 210** 234** 281** 
7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 051 * 083** 087** 187** 210** 257** 
5 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 031 034* 129** 151** 195** 
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 003 095** 117** 159** 
4 . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . • . . . . . . . . . . . • . • . . . . . . . . . . . . . . . . . . . . . . . . . 091 ** 113** 155** 
13 . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . • . . • . . . . . . . • . . . . . . . • . • . . . . . . . • . . . . . . . . . . • . • 019 058** 
15 ........................................................................................ 038* 
3 
722** 
616** 
435** 
375** 
354** 
306** 
290** 
265** 
203** 
167** 
163** 
065** 
044* 
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 006 
1All values in the matrix show only the numbers to the right of the decimal in the F ratio. The 
complete F ratio for all cell entries is preceded by a 1. (i.e. all values equal 1.---). 
2A single asterix, *, indicates significance at the .05 level. 
A double asterix, **, indicates significance at the .01 level. 
(X) 
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Table 15 
(Squared error-loss) 
50/50 
F ratios1 and significances2 for error variances (as indicated in Table 12) produced by comparing each 
of the 15 Procedures against every other procedure for the 50/50 easy/hard sample of items. Degrees of 
freedom between = 8399. Degrees of freedom within = 8399. 
Procedure 11 10 1 8 14 9 7 5 4 13 6 15 2 3 
12 ..•• 081 ** 142** 148** 189** 217** 240** 284** 334** 383** 482** 496** 519** 569** 582** 
11 ..•.•.....• 056** 056** 100** 125** 147** 188** 233** 279** 371** 383** 405** 451** 463** 
10 . . . . . . . . . . . . . . . . . . 005 041* 065** 086** 124** 167** 211** 297** 309** 330** 373** 385** 
1 . . . . . . . . . . . . . . . . . . . . . . . . . 03 5 059** 080** 118** 161** 205** 291** 302** 323** 366** 378** 
8 . . . . . . • • • • • . • • • . . • . . • • . • • . . . • • . • 02 3 043* 080** 121** 121** 246** 257** 277** 319** 330** 
14 ....................................... 019 055** 096** 137** 218** 229** 248** 289** 300** 
9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 03 5 075** 115** 195** 205** 224** 264** 264** 
7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 038* 077** 154** 164** 182** 221** 221** 
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 03 7* 111** 121** 139** 176** 186** 
4 ................................................................... 071** 081** 098** 134** 143** 
13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 008 024 058** 058** 
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . • . . . . . . . . . . . . . . . . . . . . . . • . . . . • . . . . . . . . . • . 015 048* 057** 
15 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 03 2 041* 
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 008 
1All values in the matrix show only the numbers to the right of the decimal in the F ratio. The 
complete F ratio for all cell entries is preceded by a 1. (i.e. all values equal 1.---). 
2A single asterix, *, indicates significance at the .05 level. 
A double asterix, **, indicates significance at the .01 level. 
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Table 16 
(Squared error-loss) 
70/30 
F ratios1 and significances2 for error variances (as indicated in Table 12) produced by comparing each 
of the 15 Procedures against every other procedure for the 70/30 easy/hard sample of items. Degrees of 
freedom between = 8399. Degrees of freedom within = 8399. 
Procedure 11 1 10 8 9 14 7 5 6 4 13 15 2 3 
12 •.•. 071 ** 215** 228** 279** 322** 327** 376** 442** 459** 490** 587** 625** 673** 686** 
11 •···•••·•·• 134** 147** 194** 234** 239** 284** 346** 362** 391** 481** 517** 562** 574** 
1 . . . . . . . . . . . . . . . . . . 011 052** 088** 092** 132** 186** 200** 226** 305** 337** 376** 838** 
10 ......................... 040* 076** 080** 119** 173** 187** 212** 291** 322** 361** 372** 
8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 033 037* 075** 127** 141** 165** 240** 270** 308** 318** 
9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 003 040* 090** 103** 126** 200** 228** 265** 275** 
14 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 036* 086** 099** 122** 195** 224** 260** 270** 
7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 04 8* 060** 082** 153** 180** 215** 225** 
5 . . . . . . . . . • . . . . • . . . . . . • . . • • • . . . • • . . . • . . • . . . . . . . . . . . . . . . . . . . . • 011 033 100** 126** 160** 168** 
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 020 087** 113** 146** 155** 
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 064** 090** 122** 131** 
13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 02 3 054** 062** 
15 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 02 9 037* 
2 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 00 7 
1All values in the matrix show only the numbers to the right of the decimal in the F ratio. The 
complete F ratio for all cell entries is preceded by a 1. (i.e. all values equal 1.---). 
2A single asterix, *, indicates significance at the .05 level. 
A double asterix, **, indicates significance at the .01 level. 
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Table 17 
(Squared error-loss) 
90/10 
F ratios1 and significances2 for error variances (as indicated in Table 12) produced by comparing each 
of the 15 Procedures against every other procedure for the 90/10 easy/hard sample of items. Degrees of 
freedom between = 8399. Degrees of freedom within = 8399. 
Procedure 11 10 8 9 7 1 6 14 5 4 13 15 2 3 
12 ..•. 041 * 349** 377** 419** 448** 461** 467** 524** 553** 604** 856** 869** 977** 982** 
11 .••••.••... 295** 322** 362** 390** 403** 410** 463** 491** 540** 782** 794** 898** 903** 
10 . . . . . . . . . . . . . . . . . . 020 051* 073** 083** 087** 129** 151** 188** 375** 385** 465** 468** 
8 . . . . . . . . . . . . . . . . . . . . . . . . . 030 051* 061** 065** 106** 127** 164** 347** 357** 435** 439** 
9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 020 029 033 173** 094** 130** 307* 316** 393** 396** 
7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 009 013 052** 072** 107** 281** 290** 365** 368** 
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 004 042* 062** 097** 270** 278** 352** 356** 
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 03 8* 058** 093** 264** 273** 347** 350** 
14 ............................................................ 019 052** 217** 226** 297** 300** 
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 03 2 195** 203** 272** 275** 
4 .......................................................................... 157** 165** 232** 235** 
13 . • ... • • • • • • ... • • . • • • • . • • • • • ... • • • • • • • • .. • • • • • I • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 006 065** 067** 
15 ........................................................................................ 057** 060** 
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 002 
1All values in the matrix show only the numbers to the right of the decimal in the F ratio. The 
complete F ratio for all cell, entries is preceded by a 1. (i.e. all values equal 1.---). 
2A single asterix, *, indicates significance at the .05 level. 
A double asterix, **, indicates significance at the .01 level. 
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reliability. Procedure 3 is the same as Procedure 2 with item 
effect error added in the computation of reliability. It is 
interesting to note that Procedure 1 (unregressed observed 
score) did significantly better than three other procedures 
(Procedures 10, 11, and 12). 
Table 15 provides a comparison of error variances among 
all procedures for the 50/50 easy/hard domain of items. Pro-
cedure 3 performs better than all other procedures and is 
significantly better than all other procedures except for Pro-
cedure 2. Procedure 2 in term is significantly better than 
all of the remaining procedures except for Procedure 15. It 
is interesting to note that Procedures 11 and 12 which do 
quite well in terms of misclassifications {see Table 11) in 
the 50/50 domain {as well as in the 70/30 domain) do very 
poorly in terms of error variances in those same domains. 
Table 16 compares error variance among all procedures 
for the 70/30 item domain. It is similar to Table 15. Pro-
cedure 3 is significantly better, for this item domain as it 
was for the 50/50 domain, than all procedures except for Pro-
cedure 2. Procedure 2 is the next best procedure but not sig-
nificantly better than Procedure 15. The reversal effect 
found in the 50/50 domain for Procedures 11 and 12 {as com-
pared with their performance in terms of misclassifications) 
is found in the 70/30 domain as well. 
Table 17 compares error variance among all procedures for 
the 90/10 item domain. Again, Procedure 3 is significantly 
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better than all procedures except for Procedure 2. In the 90/ 
10 domain, unlike the 50/50 and the 70/30 domains, Procedure 2 
is significantly better than any of the remaining ·procedures 
including Procedure 15. 
In summary, the results of the simulated data portion of 
the study show that Procedure 2 (using classical measurement 
error to regress the observed score to the mean) and its 
variant, Procedure 3 (which adds item effect error) are sig-
nificantly better than any of the other procedures investi-
gated in the study. Procedure 3 is actually consistently, but 
not significantly, better than Procedure 2 across all domains! 
This means that the addition of item effect error in the re-
gression procedure consistently, but not significantly, reduced 
error variance between the estimated true score and the true 
score. The results show also that the next best procedure was 
Procedure 13 (using classical measurement error plus the 
squared difference between the mean and the cut-score to re-
gress the observed score to the mean) and its variant, Proce-
dure 15 (which adds item effect error). 
There is no evidence in the data to support the general 
hypothesis that regressing the observed score to the cut-
score as well as to the mean improves the true score estimate. 
One conclusion drawn from these results which may be of 
significance is that although some procedures tend generally 
to do better and other tend generally to do worse, no one 
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procedure is consistently the single most superior procedure 
across all domains for both evaluative approaches (i.e. 
threshold-loss and squared error-loss). 
Actual Data 
CHAPTER V 
DISCUSSION 
The results from 15 actual examinations used in the 
Navy•s Fireman Apprentice training course were analyzed to 
determine the nature of the distributions of item difficulty 
from which the test items were drawn. It was demonstrated 
that in 8 out of the 15 cases, a universe of items all 
having the same difficulty level did not adequately explain 
the actual distribution of item p-values. In these 8 cases, 
a further analysis showed that a theoretical distribution 
comprised of two distinct subuniverses of items with two 
difficulty levels did adequately explain the actual distri-
bution of item p-values. 
These findings indicate that, in real world testing 
situations, items are not always drawn from a universe of 
items all having the same difficulty level. They are drawn 
from universes which may contain two levels of difficulty or 
(although this study did not confirm it) three or more 
difficulty levels. It is likely that longer tests (e.g. 
standardized achievement tests or end of training course 
summary examinations or certification exams) would be even 
more prone to having items which were drawn from a universe 
with more than one difficulty level. It is likely, too, 
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that tests which were not constructed in as systematic a 
fashion by a small cadre of professional developers would 
more probably contain items drawn from universes of items 
of more than one level of difficulty. 
It is the opinion of the author that the phenomenon 
which was confirmed by the actual data portion of this 
study is not an isolated or rare occurrence. There is no 
reason to believe that the tests used in this study are 
meaningfully different, in this regard, from other kinds of 
tests. There is also no reason to believe that this investi-
gator was fantastically lucky and on the first trial drew a 
sample which confirmed the hypothesized occurrence in over 
half the cases. Rather, it seems prudent to conclude that 
in many real world testing situations, the tests used 
consist of items sampled from a universe of items which 
contains more than a single level of difficulty. 
The size of the item sampling effect which is caused 
by this circumstance will depend upon two aspects of the 
universe of items from which the test items are drawn. 
First, the size of the difference between the two (or 
however many) component difficulty levels will increase or 
decrease the item sampling effect. The greater the difference, 
the greater is the potential item sampling effect. Second, 
the proportion of items in each of the difficulty levels will 
bear directly on the magnitude of the effect. The effect is 
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maximized when an equal number of the items in the universe 
are in each of the difficulty levels. When the vast majority 
of items in the universe are from one difficulty level and 
only a few are from the other difficulty level, the sampling 
effect will be small. 
The importance of the item sampling effect depends not 
only on the size of the effect as discussed above, but on 
the circumstances of the testing situation. For example, a 
situation in which, say, a moderate sized sampling effect 
would become quite important would be when the examinees• 
true scores are tightly distributed around the cut-score. 
Under these circumstances a fair proportion of the examinees 
could be misclassified as a direct result of the item sampling 
effect. Of course this holds true for all other sources of 
error and is not unique to the item sampling factor. 
It is easily conceivable that simple misclassifications 
(this is the threshold loss approach to error) may not be 
the only way in which item effect error is important to the 
criterion-referenced test decision. The examiner may need 
to know by how much the examinee is misclassified. He may, 
for example, wish to remediate to different tracks certain 
students who fall at certain levels below the cut-score. He 
may be using multiple cut-scores to achieve this level of 
sensitivity. Or an examiner may wish to be able to assess 
the confidence of his mastery state classification. In 
order to do so he would want to know how far above or below 
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the cut-score an examinee had scored, not merely on what 
side of the cut-score the test score had occurred. 
It is perhaps useful to note here that, unlike classi-
cal measurement error, item effect error is important only 
for criterion-referenced testing and not for norm-referenced 
testing. Classical measurement error confounds the ordering 
of examinees with respect to one another (norm-referencing) 
and it confounds classifying of candidates with respect to 
a cut-score (criterion-referencing). Item effect error 
confounds with respect to a cut-score but it does not dif-
ferentially affect examinees since all takers of a given 
test will have received the same items and the item effect 
will cancel out across all students. It cannot add more 
error to one examinee•s score than to another•s as is the 
case with classical measurement error. Thus, it is not 
important in norm referenced decision making. 
Simulated Data 
A Monte Carlo procedure, incorporating a large, con-
trolled data base, was carried out to investigate the effect 
on the estimation of examinees• true scores of sampling 
items from a universe of items containing more than one 
level of difficulty. Also a series of procedures incorpo-
rating a double regression (to the mean and to the cut-score) 
was evaluated as an improved means of accounting for error in 
the true score estimation process. 
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Regressing scores to the cut-score resulted in no 
improvement over scores regressed only to the mean. This 
procedure caused no fewer misclassifications when evaluated 
according to the threshold loss approach nor did it reduce 
error variance when evaluated according to the squared error 
loss approach. Using the latter approach, the double regres-
sion actually increased error variance. It is not clear to 
this investigator at this time why these unexpected results 
should have occurred. 
The effect of sampling items from a universe of more 
than one level of difficulty was demonstrated to exist. 
Including this effect in the reliability coefficient used to 
estimate true score was shown to be at least as effective as 
using classical measurement error only but it was not demon-
strated to be significantly superior to using classical mea-
surement error only. 
It is interesting to note that the relative effective-
ness of the 15 procedures are quite different (i.e. Spearman 
rho of .1436 corrected for attenuation due to ties) when 
analyzed by the two different evaluative techniques (thresh-
old loss and squared-error loss). Many conclusions about 
the various procedures will be radically different depending 
upon which evaluation technique is employed. For example, 
Procedures 10, 4, 15, 13, and 8 will substantially change in 
their positions relative to the other procedures as a result 
of choosing one evaluative approach rather than the other. 
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Procedures 3 and 2, however, are ranked most effective 
based on either evaluation method. This strongly suggests 
that this basic procedure (regressing the observed score to 
the mean) is the procedure of choice regardless of which of 
the evaluative methods is used. 
One of the crucial questions in this type of study 
involves the selection of the criteria for evaluating the 
procedures. Two criteria were used in this paper: the 
squared error loss function (which deals with the magnitude 
of difference between the true score and the estimated true 
score) and the threshold loss function (which deals with the 
relative ratio of incorrect to correct mastery/non-mastery 
classifications). The first criterion suggests that "error 
is error 11 and must be considered. The second suggests that 
the errors of misclassification are important but that the 
magnitude of error is unimportant. That is, if one incor-
rectly passes an incompetent it is not important just how 
incompetent the person is. Both points of view can be 
justified, hence their inclusion in the paper. 
Limitations of the Present Study 
This study demonstrated that in many 11 real world" 
testing situations items are drawn from domains comprised 
of items with more than a single level of difficulty. 
Although it is the author's opinion that this finding is 
not a uniquely lucky occurrence, the study did not establish 
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;ts existence for the many other types of testing instru-
ments. For example, is it true for IQ tests or for stan-
dardized achievement tests? This study does not address 
these questions. The occurrence was established only for 
tests developed by a professional cadre of curriculum 
designers for a specific level of technical training. 
Another aspect of the study which might be profitable 
to investigate would be the systematic varying of reliability 
in the simulated data. The obtained reliabilities were all 
in the mid 70's range. While this is not an unrealistic 
condition, it might be useful to determine the impact on 
item difficulty effect error of very high or very low induced 
rel iabil ities. 
Implications for Future Research 
During the course of this study, four areas emerged 
which could be the subjects of profitable investigations in 
the future. 
First, the prevasiveness of the phenomenon of the item 
difficulty effect could be investigated to determine whether 
it is unique to certain kinds of tests or if it is universal. 
Its relative impact might also be dependent upon the type of 
testing. Such investigations into the scope and nature of 
this effect could provide a more accurate interpretation of 
test results in a variety of testing situations. 
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A second potential area for future research would be 
to verify the assumption that the number of items, or pro-
portion of items, coming from either of the two difficulty 
populations follows a binomial distribution. This could 
be determined, in part, by investigating alternative forms 
of the examination to see if they follow this type of dis-
tribution. 
A third possible avenue for further research involves 
the procedure used to investigate the item difficulty effect. 
It is possible that a different analysis might allow the 
effect of item sampling to appear more clearly. For example, 
a different, and perhaps superior method of analyzing the 
data in a study such as this would entail comparing each of 
the 15 procedures by test ••administration" (i.e. for each of 
the easy/hard item combinations). A preliminary analysis of 
the potential of this procedure could be done, comparing two 
administrations (e.g. the 4/16 and 16/4 easy/hard test item 
splits) for a single domain of items (the 50/50 easy/hard 
domain). 
A final area which would seem to hold great promise for 
future research involves the principles underlying the two 
loss functions. It seems to the author that a marriage be-
tween these two theoretical positions might be effected which 
would result in a synthesis which would incorporate the 
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particular advantages of both. For example, the magnitude 
of error would be considered only for those persons who had 
been misclassified. That is, one would weight the squared-
error loss function by the threshold loss function. The 
weight might be equal to the ratio of misclassifications to 
total classifications. Another possible weighting technique 
would be to use the ratio of number of misclassifications to 
the expected number of misclassifications based on chance 
alone. A synthesis of this nature might be found to provide 
the most useful type of decision making information for CRTs. 
Summary and Conclusions 
In summary, the present study established that in many 
actual testing situations test items are drawn from a domain 
of items of more than a single level of difficulty. It was 
argued that the variability introduced by sampling from these 
difficulty levels introduces error into the criterion-refer-
enced decision making process and it was pointed out that no 
effective means exists for incorporating this information 
into the decision making process. 
The study outlined the two prevalent decision-loss 
approaches to the reliability of CRT testing and it noted 
that both approaches required that a point estimate of an 
examinee•s true store be made to serve as a starting point 
for both loss function analyses. 
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Fifteen methods for increasing the accuracy of the true 
score estimate were analyzed. These methods included 
straightforward use of the observed score as the best esti-
mate. regression to the mean, regression to the cut-score, 
and variations on both of the latter two methods. A consis-
tent analysis was done to compare regression techniques using 
only classical measurement error (i.e. due to person x item 
interaction) with similar techniques using classical measure-
ment error plus error due to item sampling from different 
levels of difficulty. 
No significant improvement was found by regressing 
observed scores to the cut-score over regressing them to the 
mean. The reason for this is not clear. 
The effect of sampling items from a domain of more than 
one difficulty level was demonstrated to exist. Including 
this effect in the reliability coefficient used to estimate 
true score was shown to be at least as effective as using 
classical measurement error only, but not significantly more 
effective. 
A parsimonious approach to the results of this study 
would led one to conclude that simple regression to the mean 
using solely classical measurement error is the best method 
because it does as well as incorporation of item difficulty 
effects and is simpler in conception and execution. However, 
this author believes that the item difficulty effect is still 
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an important one and, that, as procedural variations are 
examined, the significance of this effect will be demon-
strated more clearly. 
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APPENDIX A 
Valves 
1. Which of the following 
valves operates only 
manually? 
a. relief 
b. butterfly 
c. pressure 
d. gate 
2. The type of valve most 
commonly used to control 
water to sprinkler sys-
tems and firemains is the: 
a. gate 
b. globe 
c. needle 
d. worm 
3. Which valve has an "S" 
shaped body design? 
a. pressure 
b. worm 
c. butterfly 
d. globe 
4. Which of the following 
valves may never be 
used in a piping system 
carrying oil? 
a. cylinder 
b. pressure 
c. needle 
d. relief 
5. The valve handwheel of 
the ship•s primary water 
system is: 
a. fuchsia 
b. lavender 
c. mauve 
d. grey 
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6. A needle valve is indi-
cated by which of the 
following symbols? 
a • 
b • 
c. 
d. 
7. When breaking down a 
worm valve, the first 
part to remove is the: 
a. packing nut 
b. handwheel screw 
c. body seat ring 
d. deck clamp 
8. Which valve operates us-
ing a steel ball bearing? 
a. globe 
b. gate 
c. pressure 
d. relief 
9. The valve handwheel of 
the waste drainage system 
is: 
a. rose 
b. cerulean 
c. black 
d. saffron 
10. The ship•s fuel oil sys-
tem utilizes only: 
a. globe valves 
b. gate valves 
c. butterfly valves 
d. worm valves 
etc. 
PIPING SYSTEM COMPONENTS: VALVES 
Lesson 19 
Reading Assignment: NAVEDTRA 10520-E, Fireman Rate Train-
ing Manual, pp 129-133; 
Diagrams, Trainee Guide, pp VI-19-5 
through VI-19-20 
Lesson Terminal Objective: 
Identify types of valves by selecting statements which 
describe their purpose, parts, and symbol; in accor-
dance with NAVPERS 10788-B, Principles of Naval En!i-
neering; and NAVPERS 10535-F, Boiler Technician 3 2. 
Enabling Objectives: 
Describe valves by matching types of valves with func-
tion statements. 
Identify types of valves common to shipboard piping sys-
tems by labeling their parts on an illustration. 
Identify valves by choosing the valve symbol which 
represents each valve. 
Notetaking Guide: 
Valves 
1. What is the purpose of a valve? 
2. For each valve listed below, write its purpose, the 
symbol for the valve and parts. 
a. Globe valve 
(1) Purpose 
( 2) Symbol 
(3) Parts 
b. Gate valve 
(1) Purpose 
11 4 
(2) Symbol 
(3) Parts 
c. Plug cock valve 
{1) Purpose 
( 2) Symbol 
(3) Parts 
d. Ball valve 
(1) Purpose 
(2) Symbol 
(3) Parts 
e. Needle valve 
(1) Purpose 
(2) Symbol 
(3) Parts 
1 1 5 
etc. 
VALVES 
Most of the equipment in the engineering spaces is 
operated by either opening or closing the valves. A 
valve is a device for stopping and/or controlling the 
flow of a fluid (liquid or gas) through a pipe or an 
opening. Valves are installed in every piping system 
aboard ship. You will find them in the fuel line, the 
feedwater pipes, and the steam lines. In addition to 
the large valves which control the flow of fluid in the 
lines, there are small valves which pipe the flow around 
the larger ones. These small valves are called bypass 
valves which are used to equalize pressures. 
Valve designs vary greatly to meet service demands. 
Most valves are classified as stop valves (globe, gate, 
plug, piston, butterfly, and needle valves), check valves, 
or combination stop-check valves. 
Valves can be operated in various ways. They may have 
hand wheels, air or hydraulic pistons, or they may be 
operated by gravity, or by a solenoid. 
STOP VALVES 
Stop valves are used to close off a pipe or opening so 
that the contained fluid cannot pass through. Some valves 
can be closed partially to cut down or regulate the flow of 
fluid. 
The typical stop valve consists of the body, an opening 
(port) through which the fluid flows, a movable disk for 
closing this port, and some means to raise and lower the 
disk. In the closed position, the disk fits snugly into the 
port, closing it completely. When the valve is open, the 
disk uncovers the port, allowing the fluid to pass through. 
Each type of stop valve has a different mechanical arrange-
ment for closing the port in the valve. 
Globe Valves 
Globe valves generally derive their name from their 
body shape. (Other types of valves may also have globular 
bodies; hence, the name may tend to be misleading.) A cross-
sectional view of a globe stop valve is shown in figure •.•• 
etc. 
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Appendix B 
Content area titles, number of items, number of examinees in the sample, mean p-values and cut-scores for 
each Fireman examination. 
Content area No. of No. of Mean Cut-off 
titles items examinees p-value percentages 
1. Ship Classifications; FA Duties and Assignments 25 444 .91 70% 
2. Shipboard and Engineering Deparw1ent Organization 40 412 .77 62.5% 
3. Safety 50 312 .87 75% 
4. Marine Engineering Technical Publications 20 383 .78 62.5% 
5. Engineering Management Program and Sight and 
Hearing Conservation Program 30 408 .85 65% 
6A. Steam Cycle 30 324 .81 70% 
68. Steam Turbines 20 310 .86 62.5% 
7. Gas Turbines and Diesel Engines 20 371 .79 62.5% 
8. Valves and the Firemain Systems 50 348 .89 65% 
9. Lube Oil Piping, Compressed Air Systems and Drain 
Collecting System 30 375 .81 62.5% 
Appendix B (Continued) 
Content area No. of No. of Mean Cut-off 
titles items examinees p-value percentages 
10. Indicating Devices for Alarms and Shipboard 
Electrical Generating and Distribution System 30 453 .80 62.5% 
11. Shipboard Auxiliary Systems 50 359 .80 65% 
12. Preventive/Corrective Maintenance 40 391 .81 70% 
__. 13. Tools, Metal Fasteners and Tag-Out Procedures 40 537 .88 80% 
__. 
<.0 
15. Personnel Qualification Standards and Watchstation 
Qualifications 40 465 .79 62.5% 
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APPENDIX D 
DOMA:IN S<::Jo/50 
STUDENT NUMBER 1 PROBABILITY EASY 0.3672 
TRUE SCORE 4.2770 PROBABILITY HARD 0.0605 
CUT SCORE 60 
PASS 41 
FAIL 399963 
======= 
TOTAL 400004 
CUT SCORE so 
PASS 
FAIL 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
1'"'· ...... 8 
13: 7 
14: 6 
15: 5 
16: 4 
1"'7· 
' . 
~ 
·-· 
18: 2 
19: 1 ... 
2(): 0 
0 
"400004 
======= 
400004 
SUB TRUE 
SCORE 
1.2100 
1.5167 
1.8234 
2.1301 
2.4368 
2.7435 
3.0502 
3.3569 
3.6636 
3.9703 
4.2770 
4.5837 
4.8904 
5.1971 
5.5038 
5.8105 
6.1172 
6.4239 
6.7306 
7.0373 
7.3440 
/. 
0.010 % 
99.990 /. 
% 
o.ooo /. 
100.000 7. 
VARIANCE 
ABOUT 
SUB TRUE 
o.oooo 
1.1146 
1.5728 
1.9141 
1.6635 
2.0357 
1.9387 
2.1713 
2.5841 
2.6608 
2.9923 
3.1306 
3.2851 
3.3307 
3.7054 
4.3497 
3.6348 
3.9442 
4.0161 
3.5014 
o.oooo 
AVERAGE OF ALL OBS SCR 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
1.2857 
1. 7639 
2. 1655 
2.5373 
2.7050 
3.0899 
3.3624 
3.7375 
3.9525 
4.1249 
4.5676 
5.0150 
5.3001 
5.5623 
5.7626 
5.9291 
6.3862 
6.6338 
7.0000 
0.0000 
4.2785 
CENTERED AROUND: 
VARIANCE 1 <ITEM EFFECT ERROR> 
70 
0 
400004 
====== 
400004 
90 
0 
400004 
======= 
400004 
VARIANCE 
ABOUT 
OBS SCR 
0.0000 
1.2381 
1. 5914 
1. 9172 
1.6543 
2.0345 
1.9372 
2.1713 
2.5787 
2.6605 
2.9692 
3.1304 
3.2696 
3.3202 
3.7022 
4.3481 
3.6014 
3.9519 
4. t)640 
4.0000 
0.0000 
7. 
o.ooo 7. 
100.000 /. 
% 
0.000 7. 
100.000 'Y. 
N 
0 
7 
·72 
435 
1,848 
5,915 
14,787 
29,574 
48~054 
64,073 
70,479 
64,071 
48,053 
29,572 
14,787 
5,915 
1,848 
435 
71 
a 
0 
TOTAL N = 400,004 
AVERAGE TRUE 
= 0.4951 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 2.8939 
0.4703 
2.9017 
3.3889 VARIANCE ~ 
·-· 
<TOTAL ERROR SCORE> = 3.3889 
1 3 7 
DOMAJ:N 
STUDENT NUMBER 
TRUE SCORE 
CUT SCORE 60 
PASS 33786 
FAIL 366205 
======= 
TOTAL 399991 
CUT SCORE so 
PASS 
FAIL 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
243 
399748 
======= 
3999.91 
SUB TRUE 
SCORE 
3.6220 
4.1065 
4.5910 
5.0755 
5.5600 
6.0445 
6.5290 
7.0135 
7.4980 
7.9825 
8.4670 
8.9515 
9.4360 
9.9205 
10.4050 
10.8895 
11.3740 
11.8585 
12.3430 
12.8275 
13.3120 
":> 
..... 
8.4670 
., 
,. 
8.447 /. 
91.553 7. 
., 
,. 
0.061 7. 
99.939 /. 
VARIANCE 
ABOUT 
SUB TRUE 
0.0000 
2.6343 
3.5681 
2.9869 
3.2263 
3.2122 
2.9883 
3.9540 
3.6653 
3.2420 
3.5856 
4.1974 
3.5172 
4.0221 
3.5213 
4.3489 
4.2602 
3.6971 
4.0056 
2.7883 
0.0000 
AVERAGE OF ALL CBS SCR 
50./50 
PROBABILITY 
PROBABILITY 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
4.4286 
4.5775 
5.0023 
5.4797 
5.9779 
6.6374 
7.0449 
7.5276 
8.0550 
8.6450 
8.8000 
9.2924 
9.8750 
10.4850 
10.8370 
11.3140 
11.8092 
12.4507 
12.7143 
o.oooo 
8.4754 
70 
3897 
396094 
======= 
399991 
90 
74 
399917 
======= 
399991 
VARIANCE 
ABOUT 
OSS SCR 
0.0000 
2.9524 
3.6199 
2.9884 
3.2216 
3.2083 
2.9768 
3.9531 
3.6645 
3.2368 
3.5540 
4.1745 
3.4967 
4.0201 
3.5151 
4.3468 
4.2589 
3.7031 
4.0511 
3.2381 
o.oooo 
TOTAL N = 
EASY 0.6656 
HARD 0.1811 
/. 
0.974 7. 
99.026 7. 
7. 
0.019 7. 
99.982 7. 
N 
0 
7 
71 
433 
1,847 
5,915 
14,786 
29,571 
48,054 
64,072 
70,479 
64,071 
48,054 
29,571 
14,786 
5,914 
1,847 
435 
71 
7 
0 
399,991 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 1.0932 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 3.6581 
VARIANCE 3 <TOTAL ERROR SCORE> = 4.7512 
138 
1.1734 
3.6717 
4.7513 
DOMA:tN 50/50 
STUDENT NUMBER 3 PROBABILITY EASY 0.7372 
TRUE SCORE 9.7480 PROBABILITY HARD 0.2376 
CUT SCORE 60 
PASS 87553 
FAIL 312443 
======= 
TOTAL 399996 
CUT SCORE 80 
PASS 
FAIL 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: "'!' •..I 
18: '":' ..... 
19: 1 
20: 0 
1808 
398188 
======== 
399996 
SUB TRUE 
SCORE 
4.7520 
5.2516 
5.7512 
6.2508 
6.7504 
7.2500 
7.7496 
8.2492 
8.7488 
9.2484. 
9.7480 
10.2476 
10.7472 
11.2468 
. 11.7464 
12.2460 
12.7456 
13.2452 
13.7448 
14.2444 
14.7440 
'l. 
21.888 'l. 
79.112 7.. 
'l. 
0.452 7.. 
99.548 'l. 
VARIANCE 
ABOUT 
SUB TRUE 
0.0000 
1. 7066 
3.3267 
3.5454 
3.9285 
3.9619 
3.7587 
4.2621 
3.6439 
4.4666 
3.6421 
3.7078 
3.6692 
3.6433 
3.7132 
3.9074 
3.6849 
3.6282 
3.6529 
2.5645 
0.0000 
AVERAGE OF ALL OBS SCR 
AVERAGE 
OBSERVED 
SCORE 
o.oooo 
4.8571 
5.6389 
6.1701 
6.8696 
7.2519 
7.6474 
8.2199 
8.7676 
9.3075 
9.6600 
10.3500 
10.8675 
11.1524 
11.8824 
12.1720 
12.6291 
13.1448 
13.7639 
14.4286 
0.0000 
9.7659 
CENTERED AROUND: 
VARIANCE 1 <ITEM EFFECT ERROR> 
70 
19651 
380345 
======= 
399996 
90 
5 
399991 
======= 
399996 
VARIANCE 
ABOUT 
OBS SCR 
0.0000 
1.8095 
3.3607 
3.5470 
3.9164 
3.9626 
3.7485 
4.2614 
3.6436 
4.4632 
3.6344 
3.6973 
3.6548 
3.6345 
3.6950 
3.9026 
3.6733 
3.6264 
3.7040 
2.9524 
0.0000 
TOTAL N = 
7. 
4.913 7.. 
95.087 7. 
7. 
0.001 7. 
99.999 'l. 
N 
0 
7 
72 
435 
1,848 
5,915 
14,786 
29,571 
48,054 
64,073 
70,478 
64,071 
48,054 
29,572 
14,785 
5,914 
1,847 
435 
72 
7 
0 
399,996 
AVERAGE TRUE 
= 1.2950 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 3.8437 
1. 2478 
3.8510 
5.1389 VARIANCE -.;;,. <TOTAL ERROR SCORE> = 5.1385 
139 
DOMAIN 50./5(:.-
STUDENT NUMBER 4 PROBABILITY 
TRUE SCORE 10.5610 PROBABILITY 
CUT SCORE 60 
PASS 135361 
FAIL 264632 
===:::;:::== 
TOTAL 399993 
CUT SCORE 80 
PASS 
FAIL 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
4685 
395308 
====== 
399993 
SUB TRUE 
SCORE 
5.5820 
6.0799 
6.5778 
7.0757 
7.5736 
8.0715 
8.5694 
9.0673 
9.5652 
10.0631 
10.5610 
11.0589 
11.5568 
12.0547 
12.5526 
13.0505 
13.5484 
14.0463 
14.5442 
15.0421 
15.5400 
F. 
33.841 F. 
66.159 F. 
7. 
1.171 F. 
98.829 F. 
VARIANCE 
ABOUT 
SUB TRUE 
0.0000 
1. 6731 
3.9388 
4. 1325 
4.1569 
3.6075 
3.6618 
3.8599 
4.4051 
4.1200 
4.0659 
3.7642 
3.3669 
4.1199 
3.6072 
3.8967 
3.6762 
3.9032 
4.0600 
1.5612 
0.0000 
AVERAGE OF ALL OBS SCR 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
6.0000 
6.3662 
6.9656 
7.6394 
8.0132 
8.5602 
9.1500 
9.5275 
10.1100 
10.6450 
11.1425 
11.3751 
12.1024 
12.6025 
12.9745 
13.5373 
14.1494 
14.4722 
15.1429 
0.0000 
10.5797 
70 
39279 
360714 
======= 
399993 
90 
504 
399489 
======= 
399993 
VARIANCE 
ABOUT 
OBS SCR 
o.oooo 
2.0000 
3.9497 
4.1298 
4. 1548. 
3.6047 
3.6620 
3.8532 
4.4038 
4.1179 
4.0589 
3.7572 
3.3339 
4.1178 
3.6049 
3.8916 
3.6781 
3.9016 
4.1119 
1.8095 
0.0000 
TOTAL N = 
. 
EASY 0.7770 
HARD 0.2791 
F. 
9.820 F. 
90.180 F. 
7. 
0.126 F. 
99.874 F. 
N 
0 
6 
71 
436 
1,847 
5,913 
14,785 
29,572 
48,052 
64,073 
70,480 
64,072 
48,052 
29,572 
14,786 
5,914 
1,848 
435 
72 
7 
0 
399,993 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 1.2175 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR) = 3.9214 
VARIANCE 3 <TOTAL ERROR SCORE> = 5.1388 
140 
1.2393 
3.9290 
5.1391 
DOMA.:IN 50./50 
STUDENT NUMBER 5 PROBABILITY 
TRUE SCORE 11.1660 PROBABILITY 
CUT SCORE 60 
PASS 179706 
FAIL 220297 
======= 
TOTAL 400003 
CUT SCORE 80 
PASS 
FAIL 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: (l 
7930 
392073 
====== 
400003 
SUB TRUE 
SCORE 
6.2560 
6.7470 
7.2380 
7.7290 
8.2200 
8.7110 
9.2020 
9.6930 
10.1840 
10.6750 
11.1660 
11.6570 
12.1480 
12.6390 
13.1300 
13.6210 
14.1120 
14.6030 
15.0940 
15.5850 
16.0760 
;. 
44.926 ;. 
55.074 ;. 
;. 
1.982 ;. 
98.018 ;. 
VARIANCE 
ABOUT 
SUB TRUE 
o.oooo 
2.9952 
4.4781 
4.2544 
3.8002 
3.8234 
3.5852 
3.7103 
3.9497 
4.0451 
3.5947 
3.8326 
3.5486 
3.5276 
3.3361 
3.5057 
3.1068 
3.4015 
3.6185 
2.2572 
o.oooo 
AVERAGE OF ALL OBS SCR 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
7.4286 
7.4384 
7.7655 
8.0935 
8.6156 
9.3501 
9.5974 
10.2000 
10.4875 
11.2799 
11.6650 
12.2799 
12.5599 
13.0250 
13.6823 
14.1953 
14.6529 
14.8904 
15.5000 
0.0000 
11.1631 
70 
60237 
339766 
======= 
400003 
90 
346 
399657 
====== 
400003 
VARIANCE 
ABOUT 
OBS SCR 
o.oooo 
2.9524 
4.4996 
4.2629 
3.7863 
3.8150 
3.5635 
3.7012 
3.9496 
4.0101 
3.5818 
3.8326 
3.5313 
3.5215 
3.3253 
3.5026 
3.1015 
3.4069 
3.6267 
2.5714 
0.0000 
TOTAL N = 
EASY 0.8038 
HARD 0.3128 
;. 
15.059 ;. 
84.941 ;. 
;. 
0.086 ;. 
99.914 ;. 
N 
0 
7 
73 
435 
1,850 
5,915 
14,787 
29,574 
48,053 
64,072 
70,479 
64,071 
48,052 
29,571 
14,785 
5,915 
1,848 
435 
7 ""!' ._. 
8 
0 
400,003 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 1.2596 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 3.7246 
VARIANCE 3 <TOTAL ERROR SCORE> = 4.9840 
141 
1. 2054 
3.7371 
4.9840 
DOMAIN 
STUDENT NUMBER 
TRUE SCORE 
CUT SCORE 60 
PASS 213647 
FAIL 186355 
======= 
TOTAL 400002 
CUT SCORE 80 
PASS 
FAIL 
TOTAL 
EASY 
HAF;.:D 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
8 
7 
6 
5 
4 
1 ~. "-• 
13: 
14: 
15: 
16: 
17: 3 
18: 2 
19: 1 
20: 0 
14254 
385748 
===== 
400002 
SUB TRUE 
SCORE 
6.8440 
7.3258 
7.8076 
8.2894 
8.7712 
9.2530 
9.7348 
10.2166 
10.6984 
11.1802 
11.6620 
12.1438 
12.6256 
13.1074 
13.5892 
14.0710 
14.5528 
15.0346 
15.5164 
15.9982 
16.4800 
6 
11.6620 
7.. 
53.411 7.. 
46.589 /. 
7.. 
3.563 'Y. 
96.437 'Y. 
VARIANCE 
ABOUT 
SUB TRUE 
o.oooo 
2.9470 
4.2941 
3.7248 
4. 67·18 
3.8321 
4.3712 
4.3464 
4.0068 
3.5791 
4.2517 
3.3291 
3.5923 
3.4510 
3.4183 
3.0734 
3.1985 
3.1306 
2.5271 
1.5709 
0.0000 
AVERAGE OF ALL OBS SCR 
50/50 
PROBABILITY 
PROBABILITY 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
7.5000 
7.8493 
8.2041 
8.6870 
9.2074 
9.8401 
10.2800 
10.7574 
11.1899 
11.5900 
12.1100 
12.6125 
13.1450 
13.6971 
13.9904 
14.5992 
15.0323 
15.5278 
15.8571 
0.0000 
11.6642 
70 
83867 
316135 
======= 
400002 
90 
1167 
398835 
======= 
400002 
VARIANCE 
ABOUT 
OBS SCR 
o.oooo 
3.5000 
4.3520 
3.7261 
4.6673 
3.8307 
4.3604 
4.3425 
4.0034 
3.5790 
4.2466 
3.3280 
3.5922 
3.4497 
3.'4068 
3 .. 0674 
3.1981 
3.1378 
2.5626 
1. 8095 
o.oooo 
TOTAL N = 
EASY 0.8240 
HARD 0.3422 
7.. 
20.967 /. 
79.033 /. 
/. 
0.292 'Y. 
99.708 'Y. 
N 
0 
6 
73 
436 
1,850 
5,915 
14,786 
29,574 
48,053 
64,071 
70,478 
64,072 
48,054 
29,572 
14,786 
5,915 
1,849 
433 
72 
7 
0 
400,002 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 (ITEM EFFECT ERROR> = 1.1365 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 3.7775 
VARIANCE 3 <TOTAL ERROR SCORE> = 4.9138 
142 
1. 1606 
4.9138 
DOMA:tN SC>./50 
STUDENT NUMBER 7 PROBABILITY 
TRUE SCORE 12.0850 PROBABILITY 
CUT SCORE 60 
PASS 241994 
FAIL 158003 
======= 
TOTAL 399997 
CUT SCORE so 
PASS 
FAIL 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
21761 
378236 
====== 
399997 
SUBTRUE 
SCORE 
7.3700 
7.8415 
8.3130 
8.7845 
9.2560 
9.7275 
10.1990 
10.6705 
11.1420 
11.6135 
12.0850 
12.5565 
13.0280 
13.4995 
13.9710 
14.4425 
14.9140 
15.3855 
15.8570 
16.3285 
16.8000 
'Y. 
60.499 7. 
39.501 7. 
7. 
5.440 7. 
94.560 7. 
VARIANCE 
ABOUT 
SUB TRUE 
0.0000 
4.0251 
4.5842 
3.8982 
4.5491 
4.0743 
4.2695 
3.8483 
3.3983 
3.4009 
4.2757 
3.5516 
3.3808 
3.2599 
3.3472 
2.8373 
3.0029 
2.8243 
2.8596 
1.8317 
0.0000 
AVERAGE OF ALL OBS SCR 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
8.0000 
8.2162 
8.8161 
9.2239 
9.6647 
10.2400 
10.4900 
11.1999 
11.6625 
12.1249 
12.5125 
12.9525 
13.4776 
13.9401 
14.5264 
15.0270 
15.3548 
15.6806 
16.1667 
o.oooo 
12.0767 
70 
103554 
296443 
-------
399997 
90 
1246 
398751 
====== 
399997 
VARIANCE 
ABOUT 
OBS SCR 
0.0000 
4.6667 
4.6375 
3.9062 
4.5505 
4.0710 
4.2682 
3.8158 
3.3951 
3.3986 
4.2742 
3.5497 
3.3751 
3.2595 
3.3465 
2.8308 
2.9917 
2.8299 
2.8683 
2.1667 
0.0000 
TOTAL N = 
EASY 0.8400 
HARD 0.3685 
7. 
25.889 7. 
74.111 7. 
7. 
0.312 7. 
99.689 7. 
N 
0 
7 
74 
435 
1,849 
5,914 
14,786 
29,573 
48,054 
64,071 
70,479 
64,070 
48,054 
29,571 
14,785 
5,914 
1,849 
434 
72 
6 
0 
399,997 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 1.1085 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 3.6297 
VARIANCE 3 <TOTAL ERROR SCORE> = 4.7381 
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1.1115 
3.6344 
4.7381 
DOMAIN 50./50 
STUDENT NUMBER 8 PROBABILITY EASY 0.8535 
TRUE SCORE 12.4640 PROBABILITY HARD 0.3929 
CUT SCORE 60 
PASS 274582 
FAIL 125411 
=::::===== 
TOTAL 399993 
CUT SCORE 80 
PASS 
FAIL 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: ~ 
·-· 
18: 2 
19: 1 
20: 0 
30469 
369524 
======= 
399993 
SUB TRUE 
SCORE 
7.8580 
8.3186 
8.7792 
9.2398 
9.7004 
10.1610 
10.6216 
11.0822 
11.5428 
12.0034 
12.4640 
12.9246 
13.3852 
13.8458 
14.3064 
14.7670 
15.2276 
15.6982 
16.1489 
16.6094 
17.0700 
7. 
68.647 7. 
31.353 7. 
7. 
7.617 7. 
92.383 7. 
VARIANCE 
ABOUT 
SUB TRUE 
0.0000 
2.5945 
4.4668 
4.8605 
4.0786 
4.1219 
4.4230 
3.7017 
4.0430 
3.6419 
3.4804 
3.0752 
3.5097 
3.3948 
2.8924 
2.7551 
3.1939 
2.7985 
2.5997 
1.6124 
0.0000 
AVERAGE OF ALL OBS SCR 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
8.5714 
8.5000 
9.3149 
9.8415 
9.9701 
10.7576 
11.0000 
11.6026 
12.0625 
12.4900 
12.8650 
13.3551 
13.8401 
14.2926 
14.8497 
15.3211 
15.5727 
16.0694 
16.8571 
0.0000 
12.4694 
CENTERED AROUND: 
VARIANCE 1 <ITEM EFFECT ERROR> 
70 
126036 
273957 
======= 
399993 
90 
2101 
397892 
======= 
399993 
VARIANCE 
ABOUT 
OBS SCR 
o.oooo 
2.9524 
4.4507 
4.8660 
4.0609 
4.0862 
4.4048 
3.6951 
4.0395 
3.6384 
3.4799 
3.0717 
3.5088 
3.3949 
2.9924 
2.7488 
3.1769 
2.7916 
2.6289 
1. 8095 
o.oooo 
TOTAL N = 
7. 
31.510 7. 
68.490 7. 
7. 
0.525 /. 
99.475 7. 
N 
0 
7 
72 
435 
1,848 
5,915 
14,785 
29,572 
48,054 
64,071 
70,479 
64,070 
48,053 
29,573 
14,786 
5,914 
1,847 
433 
72 
7 
0 
399,993 
AVERAGE TRUE 
= 1. 0385 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 3.5325 
1. 0606 
3.5361 
4.5709 VARIANCE 3 <TOTAL ERROR SCORE> = 4.5708 
144 
DOMAXN 50./50 
STUDENT NUMBER 9 PROBABILITY 
TRUE SCORE 12.9090 PROBABILITY 
CUT SCORE 60 7. 
PASS 290466 72.616 7. 
FAIL 109538 27.384 7. 
======= 
TOTAL 400004 
CUT SCORE 80 7. 
PASS 41447 10.362 7. 
FAIL 358557 89.638 7. 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
====== 
400004 
SUBTRUE 
SCORE 
8.3180 
8.7671 
9.2162 
9.6653 
10.1144 
10.5635 
11.0126 
11.4617 
11.9108 
12.3599 
12.8090 
13.2581 
13.7072 
14.1563 
14.6054 
15.0545 
15.5036 
15.95.27 
16.4018 
16.8509 
17.3000 
VARIANCE 
ABOUT 
SUB TRUE 
0.0000 
3.5542 
4.0542 
4.7687 
3.7195 
4.3111 
3.8065 
3.8536 
3.6856 
3.7280 
3.6215 
3.5029 
3.405.2 
3.0593 
3.3315 
3.1519 
2.6027 
2.8376 
2.1936 
1.6363 
0.0000 
AVERAGE OF ALL OBS SCR 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
9.0000 
9.1096 
9.7103 
10.2266 
10.5782 
10.9851 
11.4551 
12.0150 
12.2275 
12.8300 
13.3125 
13.6876 
14.3049 
14.642.2 
14.9880 
15.6376 
15.9609 
16.4507 
17.14.29 
0.0000 
12.8216 
70 
1532.24 
246780 
====== 
400004 
90 
4200 
395804 
====== 
400004 
VARIANCE 
ABOUT 
OBS SCR 
o.oooo 
4.0000 
4.0989 
4.7777 
3.7089 
4.3116 
3.8060 
3.8537 
3.6749 
3.7106 
3.6211 
3.4999 
3.4049 
3.0374 
3.3304 
3.1480 
2.5862 
.2.8441 
2.2225 
1.8095 
0.0000 
TOTAL N = 
EASY 0.8650 
HARD 0.4159 
7. 
38.306 7. 
61.694 ;. 
;. 
1.050 ;. 
98.950 7. 
N 
0 
8 
73 
435 
1,849 
5,915 
14,786 
29,574 
48,053 
64,072 
70,480 
64,071 
48,053 
29,573 
14,786 
5,914 
1,849 
435 
71 
7 
0 
400,004 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 1.0496 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 3.5657 
VARIANCE 3 <TOTAL ERROR SCORE> = 4.6152 
145 
1. 0084 
3.5722 
4.6153 
DOMAIN 50./50 
STUDENT NUMBER 10 PROBABILITY EASY 0.8751 
TRUE SCORE 13.1280 PROBABILITY HARD 0.4377 
CUT SCORE 60 7. 
PASS 315481 78.870 7. 
FAIL 84521 21.130 7. 
======= 
TOTAL 400002 
CUT SCORE SO 7. 
P~SS ~3056 13.264 7. 
FAIL 346946 86.736 7. 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
======= 
400002 
SUB TRUE 
SCORE 
8.7540 
9.1914 
9.6288 
10.0662 
10.5036 
10.9410 
11.3784 
11.8158 
12.2532 
12.6906 
13.1290 
13.5654 
14.0028 
14.4402 
14.8776 
15.3150 
15.7524 
16.1898 
16.6272 
17.0646 
17.5020 
VARIANCE 
ABOUT 
SUB TRUE 
0.0000 
2.6750 
5.1996 
4.4221 
3.9779 
4.4547 
4.0587 
3.4769 
3.1329 
3.8409 
3.5060 
3.1432 
3.0544 
3.5824 
3.1741 
2.5346 
2.6304 
2.5710 
2.3064 
1.5571 
0.0000 
AVERAGE OF ALL CBS SCR 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
9.5714 
9.8649 
10.1264 
10.5819 
10.7775 
11.1826 
11.8450 
12.1499 
12.7375 
13.1875 
13.8149 
14.1001 
14.4050 
14.9024 
15.3720 
15.8009 
16.0899 
16.5634 
17.1429 
0.0000 
13.1775 
CENTERED AROUND: 
VARIANCE 1 <ITEM EFFECT ERROR> 
70 
179870 
220132 
======= 
400002 
90 
5895 
394107 
====== 
400002 
VARIANCE 
ABOUT 
OBS SCR 
0.0000 
2.9524 
5.2144 
4.4287 
3.9739 
4.4297 
4.0206 
3.4761 
3.1223 
3.8388 
3.5025 
3.0809 
3.0451 
3.5913 
3.1737 
2.5318 
2.6295 
2.5670 
2.3352 
1.8095 
0.0000 
TOTAL N = 
7. 
44.967 7. 
55.033 7. 
7. 
1.474 7. 
98.526 /. 
N 
0 
7 
74 
435 
1,849 
5,915 
14,786 
29,571 
48,052 
64,073 
70,479 
64,072 
48,055 
29,572 
14,795 
5,917 
1,848 
434 
71 
7 
0 
400,002 
AVERAGE TRUE 
= 1.0682 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 3.3966 
0.9565 
3.4119 
4.4671 VARIANCE 3 <TOTAL ERROR SCORE> = 4.4647 
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DOMAIN S0/50 
STUDENT NUMBER 11 PROBABILITY 
TRUE SCORE 13.4310 PROBABILITY 
CUT SCORE 60 
PASS 327925 
FAIL 72068 
======= 
TOTAL 399993 
CUT SCORE so 
PASS 
FAIL 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
63380 
336613 
====== 
399993 
SUB TRUE 
SCORE 
9.1780 
9.6033 
10.0286 
10.4539 
10.8792 
11.3045 
11.7298 
12.1551 
12.5804 
13.0057 
13.4310 
13.8563 
14.2816 
14.7069 
15.1322 
15.5575 
15.9828 
16.4081 
16.8334 
17.2587 
17.6840 
7. 
81.993 7. 
18.017 7. 
7. 
15.845 7. 
84.155 7. 
VARIANCE 
ABOUT 
SUB TRUE 
0.0000 
2.5316 
4.4830 
4.4695 
4.2346 
4.4538 
4.4952 
3.4893 
4.0338 
3.5011 
3.4834 
3.1865 
2.9254 
2.6126 
3.3270 
2.6434 
2.8685 
2.3810 
2.5039 
0.9749 
0.0000 
AVERAGE OF ALL OBS SCR 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
9.5714 
10.0694 
10.3088 
10.8155 
11.2947 
11.7901 
12.2024 
12.5450 
12.9049 
13.4200 
13.9425 
14.1975 
14.6450 
15.2500 
15.6224 
16.0206 
16.4147 
16.9714 
17.5000 
0.0000 
13.4184 
70 
197772 
2')2221 
=======. 
399993 
90 
6083 
393910 
======= 
399993 
VARIANCE 
ABOUT 
OSS•SCR 
0.0000 
2.9524 
4.5444 
4.4587 
4.2329 
4.4544 
4.4919 
3.4871 
4.0327 
3.4910 
3.4833 
3.1791 
2.9184 
2.6089 
3.3133 
2.6397 
2.8686 
2.3865 
2.5209 
1.1000 
0.0000 
TOTAL N = 
EASY 0.8842 
HARD 0.4589 
7. 
49.444 /. 
50.556 7. 
7. 
1.521 7. 
98.479 /. 
N 
0 
7 
72 
434 
1,848 
5,915 
14,786 
29,573 
48!'053 
64,070 
70,479 
64,072 
48,053 
29,572 
14,787 
5,913 
1,849 
434 
70 
6 
0 
399,993 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 0.9195 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 3.4029 
VARIANCE 3 <TOTAL ERROR SCORE> = 4.3222 
14 7 
0.9042 
3.4078 
4.3224 
DOMAIN 50/50 
STUDENT NUMBER 12 PROBABILITY 
TRUE SCORE 13.7200 PROBABILITY 
CUT SCORE 60 
PASS 34292:2 
FAIL 57087 
======= 
TOTAL 400009 
CUT SCORE so 
PASS 
FAIL 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
80045 
319964 
======= 
400009 
SUB TRUE 
SCORE 
9.5920 
10.0048 
10.4176. 
10.8304 
11.243:2 
11.6560 
12.0688 
12.4816 
12.8944 
13.3072 
13.7200 
14. 1328 
14.5456 
14.9584 
15.3712 
15.7840 
16.1968 
16.6096 
17.0224 
17.4352 
17.8480 
'Y. 
85.729 7. 
14.:271 'Y. 
'Y. 
20.011 'Y. 
79.989 'Y. 
VARIANCE 
ABOUT 
SUB TRUE 
o.oooo 
3.1619 
5.4634 
4.8965 
4.7424 
4.2831 
3.6203 
4.0017 
3.6069 
3.4069 
3.7907 
3.4679 
2.8617 
2.9477 
3.2171 
2.4248 
2.6085 
2.0428 
1. 1391 
o.oooo 
AVERAGE OF ALL OBS SCR 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
10.5000 
10.5068 
11.0437 
"11. 2989 
11.6571 
11.9650 
12.6699 
12.7775 
13.3825 
13.7450 
14.1026 
14.6174 
14.8525 
15.4249 
15.8502 
16.3324 
16.5894 
16.9861 
17.7143 
0.0000 
13.7326 
70 
219142 
180867 
======= 
400009 
90 
10886 
389123 
======= 
400009 
VARIANCE 
ABOUT 
ass scR 
0.0000 
3.5000 
5.5312 
4.8621 
4.7419 
4.2838 
3.6098 
3.9664 
3.5933 
3.4013 
3.7901 
3.4670 
2.8566 
2.9366 
3.2144 
2.4208 
2.5915 
2.2380 
2.0702 
1. 2381 
0.0000 
TOTAL N = 
EASY 0.8924 
HARD 0.4796 
'Y. 
54.784 '/. 
45.216 '/. 
'Y. 
2.721 'Y. 
97.279 '/. 
N 
0 
6 
73 
435 
1,850 
5,915 
14,786 
29,572 
48,055 
64,073 
70,480 
64,073 
48,054 
29,573 
14,786 
5,916 
1,847 
436 
72 
7 
0 
400,009 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 0.8524 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 3.4476 
VARIANCE 3 <TOTAL ERROR SCORE> = 4.2999 
148 
0.8520 
3.4551 
4.3000 
DOMAIN 
STUDENT NUMBER 
TRUE SCORE 
13 
14.0000 
PROBABILITY EASY 0.9000 
PROBABILITY HARD 0.5000 
CUT SCORE 60 7. 
PASS 356984 89.246 7. 
FAIL 43016 10.754 7. 
====== 
TOTAL 400000 
CUT SCORE SO 7. 
PASS 94775 23.694 7. 
FAIL 305225 76.306 7. 
TOTAL 
EASY· 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
====== 
400000 
SUB TRUE 
SCORE 
10.0000 
10.4000 
10.8000 
11.2000 
11.6000 
12.0000 
12.4QOO 
12.8000 
13.2000 
13.6000 
14.0000 
14.4000 
14.8000 
15.2000 
15.6000 
16.0000 
16.4000 
16.8000 
17.2000 
17.6000 
18.0000 
VARIANCE 
ABOUT 
SUB TRUE 
o.oooo 
4.1600 
4.2122 
4.4248 
4.6663 
3.7758 
4.2246 
3.7851 
3.7534 
3.7190 
3.2125 
3.1187 
3.3014 
2.7060 
2.6905 
2.7531 
2.5532 
2.0930 
2.1594 
1. 7600 
0.0000 
AVERAGE OF ALL OBS SCR 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
10.0000 
10.6667 
11.4345 
11.6780 
11.9513 
12.3448 
12.7674 
13.3226 
13.6301 
14.0374 
14.3175 
14.9224 
15.2599 
15.8000 
15.9577 
16.4083 
16.9654 
17.1528 
17.1429 
0.0000 
14.0344 
70 7. 
244040 61.010 /. 
155960 38.990 F. 
======= 
400000 
90 /. 
15967 3.992 7. 
384033 96.008 /. 
====== 
400000 
VARIANCE 
ABOUT 
OBS SCR 
0.0000 
4.6667 
4.2535 
4.3799 
4.6628 
3.7741 
4.2219 
3.7842 
3.7384 
3.7182 
3.2111 
3.1119 
3.2864 
2.7025 
2.6506 
2.7518 
2.5545 
2.0704 
2.1876 
1.8095 
0.0000 
TOTAL N = 
N 
0 
7 
72 
435 
1,851 
5,915 
14,786 
29,572 
48,054 
64,071 
70,479 
64,072 
48,053 
29,571 
14,786 
5,914 
1,849 
434 
72 
7 
0 
400,000 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 0.8366 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 3.3755 
VARIANCE 3 <TOTAL ERROR SCORE> = 4.2120 
149 
0.7999 
3.3826 
4.2132 
DOMA:tN 
STUDENT NUMBER 
TRUE SCORE 
CUT SCORE 60 
PASS 364699 
FAIL 35299 
======= 
TOTAL 399998 
CUT SCORE 80 
PASS 
FAIL 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
114856 
285142 
======= 
399998 
SUBTRUE 
SCORE 
10.4080 
10.7947 
11.1814 
11.5681 
11.9548 
12.3415 
12.7282 
13.1149 
13.5016 
13.8883 
14.2750 
14.6617 
15.0484 
15.4351 
15.821ft 
16.2085 
16.5952 
16.9819 
17.3686 
17.7553 
18.1420 
14 
14.2750 
7. 
91.175 7. 
8.825 7. 
7. 
28.714 /. 
71.286 7.• 
VARIANCE 
ABOUT 
SUB TRUE 
0.0000 
"2.0421 
5.2013 
4.5536 
4.2294 
4.2252 
3.5511 
4.0875 
3.7905 
3.2290 
3.4455 
3.1691 
2.8622 
2.9032 
2.6348 
2.5029 
2.2619 
1.9233 
1.9252 
1.5599 
0.0000 
AVERAGE OF ALL OBS SCR 
SC,/50 
PROBABILITY 
PROBABILITY 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
11.0000 
11.0946 
11.6060 
11.7988 
12.3351 
12.6023 
13.0824 
13.4349 
13.8500 
14.4450 
14.7075 
15.0775 
15.5299 
15.8473 
16.1591 
16.5649 
17.0369 
17.3611 
18.0000 
0.0000 
14.3009 
70 
266604 
133394 
-------
399998 
90 
20372 
379626 
======= 
399998 
VARIANCE 
ABOUT 
CBS SCR 
0.0000 
2.5000 
5.2649 
4.5626 
4.2073 
4.2259 
3.5355 
4.0866 
3.7862 
3.2275 
3.4166 
3.1671 
2.8614 
2.8943 
2.6344 
2.5009 
2.2622 
1.9247 
1.9523 
1.7143 
0.0000 
TOTAL N = 
EASY 0.9071 
HARD 0.5204 
7. 
66.651 7. 
33.349 7. 
7. 
5.093 /. 
94.907 7. 
N 
0 
74 
434 
1,849 
5,914 
14,787 
29,574 
48,055 
64,071 
70,478 
64,072 
48,053 
29,572 
14,785 
5,913 
1,848 
434 
72 
8 
0 
399,998 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 0.8226 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 3.3069 
VARIANCE 3 <TOTAL ERROR SCORE> = 4.1293 
150 
0.7476 
3.3145 
4.1300 
DOMAXN 50./50 
STUDENT NUMBER 
TRUE SCORE 
15 
14.5500 
PROBABILITY EASY 0.9139 
PROBABILITY HARD 0.5411 
CUT SCORE 60 7. 
PASS 372919 93.230 7. 
FAIL 27079 6.770 7. 
======= 
TOTAL 399999 
CUT SCORE 80 7. 
PASS 128275 32.069 7. 
FAIL 271723 67.931 7. 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: t) 
====== 
399998 
SUB TRUE 
SCORE 
10.8220 
11.1948 
11.5676 
11.9404 
12.3132 
12.6860 
13.0588 
13.4316 
13.8044 
14.1772 
14.5500 
14.9228 
15.2956 
15.6684 
16.0412 
16.4140 
16.7868 
17.1596 
17.5324 
17.9052 
18.2780 
VARIANCE 
ABOUT 
SUBTRUE 
0.0000 
3.0098 
4.1824 
4.4498 
4.2241 
3.6866 
3.7228 
3.8129 
3.6722 
3.4729 
3.2972 
3.3578 
2.7012 
2.8396 
2.5314 
2.2624 
2.1171 
2.3024 
1.7769 
1.5090 
0.0000 
AVERAGE OF ALL OBS SCR 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
11.5000 
11.4085 
11.9076 
12.2968 
12.7114 
13.0149 
13.3025 
13.6975 
14.2426 
14.4526 
14.9325 
15.3149 
15.6300 
16.0377 
16.3898 
16.6769 
17.2032 
17.6301 
18.0000 
0.0000 
14.5197 
70 7. 
280705 70.177 7. 
119293 29.823 r. 
======= 
399998 
90 7. 
24141 6.035 7. 
375857 93.965 7. 
======= 
399998 
VARIANCE 
ABOUT 
OBS SCR 
0.0000 
3.5000 
4.2165 
4.4590 
4.2261 
3.6866 
3.7211 
3.7964 
3.6608 
3.4687 
3.2877 
3.3578 
2.7009 
2.8382 
2.5315 
2.2622 
2.1062 
2.3058 
1.7919 
1. 7143 
0.0000 
TOTAL N = 
N 
0 
6 
71 
433 
1,850 
5,915 
14,786 
29,572 
48,054 
64,073 
70,479 
64,072 
48,054 
29,571 
14,786 
5,914 
1,848 
433 
73 
a 
0 
399,998 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 0.7306 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 3.2844 
VARIANCE 3 <TOTAL ERROR SCORE> = 4.0148 
1 51 
0.6948 
3.2895 
4.0157 
DOMAIN 50./50 
STUDENT NUMBER 
TRUE SCORE 
16 
14.8270 
PROBABILITY EASY 0.9204 
PROBABILITY HARD 0.5623 
CUT SCORE 60 
PASS 381384 
FAIL 18612 
====== 
TOTAL 399996 
CUT SCORE so 
PASS 
FAIL 
TOTAL 
EASY 
HARD 
. 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
1'"7· '";!' , . 
-· 18: 2 
19: 1 
20: 0 
153104 
246892 
====== 
399996 
SUB TRUE 
SCORE 
11.2460 
11.6041 
11.9622 
12.3203 
12.6784 
13.0365 
13.3946 
13.7527 
14.1108 
14.4689 
14.8270 
15.1851 
15.5432 
15.9013 
16.2594 
16.6175 
16.9756 
17.3337 
17.6918 
18.0499 
18.4080 
% 
95.347 % 
4.653 % 
% 
38.276 % 
61.724 % 
VARIANCE 
ABOUT 
SUBTRUE 
o.oooo 
2.9275 
4.5764 
4.3697 
4.2093 
3.7580 
3.6709 
3.4766 
3.8833 
3.4756 
2.9053 
2.9821 
2.8108 
2.9613 
2.6588 
2.4296 
2.0580 
2.0490 
1.7002 
1.5597 
0.0000 
AVERAGE OF ALL CBS SCR 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
11.5000 
11.8889 
12.3977 
12.7184 
12.9324 
13.3800 
13.7224 
14.0975 
14.4150 
14.9150 
15.2350 
15.5675 
15.8425 
16.2000 
16.4648 
16.9567 
17.3517 
17.6338 
18.1429 
0.0000 
14.8302 
CENTERED AROUND: 
VARIANCE 1 <ITEM EFFECT ERROR> 
70 
302830 
97166 
======= 
399996 
90 
31724 
368272 
======= 
399996 
VARIANCE 
ABOUT 
CBS SCR 
0.0000 
3.5000 
4.6354 
4.3737 
4.2100 
3.7478 
3.6710 
3.4758 
3.8832 
3.4727 
2.8976 
2.9797 
2.8103 
2.9579 
2.6554 
2.4067 
2.0587 
2.0534 
1. 7211 
1.8095 
0.0000 
TOTAL N = 
% 
75.708 % 
24.292 'Y. 
., 
,. 
7.931 ., ,. 
92.069 ., ,. 
N 
0 
6 
. 72 
435 
1,850 
5,913 
14,786 
29,572 
48,055 
64,071 
70,478 
64,071 
48,053 
29,571 
14,785 
5,916 
1,849 
435 
71 
7 
0 
399,996 
AVERAGE TRUE 
= 0.6495 
VARIANCE "':> <PERSON X ITEM, .... MEAS. ERROR> = 3.1859 
0.6411 
3.1891 
VARIANCE 3 <TOTAL ERROR SCORE> = 3.8302 3.8352 
152 
DOMAIN 
STUDENT NUMBER 
TRUE SCORE 
CUT SCORE 60 
PASS 385734 
FAIL 14263 
======= 
TOTAL 399997 
CUT SCORE 80 
PASS 170054 
FAIL 229943 
======= 
TOTAL 399997 
17 
15.1080 
7. 
96.434 7. 
3.566 7. 
7. 
42.514 7. 
57.486 7. 
PROBABILITY EASY 0.9267 
PROBABILITY HARD 0.5841 
70 7. 
321266 80.317 7. 
78731 19.683 7. 
======= 
399997 
41426 
358571 
======= 
399997 
90 7. 
10.357 Y. 
89.643 7. 
EASY SUB TRUE VARIANCE AVERAGE VARIANCE 
ABOUT 
OBS SCR 
N 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
1~-4• 8 
1~-..... 7 
14: 6 
15: 5 
16: 4 
1'· I • ~ .... 
18: 2 
19: 1 
20: 0 
AVERAGE 
SCORE ABOUT OBSERVED 
SUB TRUE SCORE 
11.6820 0.0000 o.oooo 
12.0246 2.8296 12.5714 
12.3672 5.0092 12.5068 
12.7098 4.5901 12.8291 
13.0524 3.8858 13.0833 
13.3950 3.6111 13.3273 
13.7376 3.7365 13.8477 
14.0802 3.7871 14.1374 
14.4228 3.6817 14.3125 
14.7654 3.1558 14.8200 
15.1080 3.0070 15.0325 
15.4506 2.8860 15.4350 
15.7932 2.6338 15.8100 
16.1358 2.5840 16.2000 
16.4784 2.4443 16.5749 
16.8210 2.1923 16.8073 
17.1636 1.9947 17.1774 
17.5062 1. 9204 17.4495 
17.8488 1. 5368 17.9296 
18.1914 1.5534 18.1429 
18.5340 0.0000 o.oooo 
OF ALL CBS SCR 15.1054 
CENTERED AROUND: 
o.oooo 
2.9524 
5.0590 
4.5865 
3.8869 
3.6071 
3.7246 
3.7839 
3.6696 
3.1529 
3.0014 
2.8858 
2.6336 
2.5800 
2.4351 
2.1925 
1.9956 
1. 9216 
1. 5521 
1.8095 
o.oooo 
TOTAL N = 
AVERAGE 
VARIANCE 1 <ITEM EFFECT ERROR> = 0.6056 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 3.0728 
VARIANCE 3 <TOTAL ERROR SCORE> = 3.6782 
153 
0 
7 
73 
433 
1,848 
5,915 
14,785 
29,572 
48,053 
64,074 
70,478 
64,072 
48,052 
29,571 
14,786 
5,915 
1,849 
436 
71 
7 
0 
399,997 
TRUE 
0.5868 
3.0771 
3.6782 
DCJMA:t:N S0/50 
STUDENT NUMBER 
TRUE SCORE 
18 
15.4000 
PROBABILITY EASY 0.9329 
PROBABILITY HARD 0.6071 
CUT SCORE 60 /. 
F'ASS 390942 97.736 /. 
FAIL 9054 2.264 7. 
======= 
TOTAL 399996 
CUT SCORE SO /. 
PASS 197770 49.443 /. 
FAIL 202226 50.557 /. 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
===== 
399996 
SUB TRUE 
SCORE 
12.1420 
12.4678 
12.7936 
13.1194 
13.4452 
13.7710 
14.0968 
14.4226 
14.7484 
15.0742 
15.4000 
15.7258 
16.0516 
16.3774 
16.7032 
17.0290 
17.3548 
17.6806 
18.0064 
18.3322 
18.6580 
VARIANCE 
ABOUT 
SUB TRUE 
0.0000 
2.9177 
3.8204 
4.1536 
4.2971 
3.8996 
3.3916 
3.7158 
3.1783 
3.0034 
3.0570 
2.7265 
2.6782 
2.4739 
2.2014 
2.2575 
1.8746 
1.7673 
1.4934 
0.9448 
0.0000 
AVERAGE OF ALL CBS SCR 
AVERAGE 
OBSERVED 
SCORE 
o.oooo 
12.5000 
12.8028 
13.2558 
13.4191 
13.8298 
14.1075 
14.3025 
14.7275 
15.1149 
15.3850 
15.6975 
16.0674 
16.2500 
16.8200 
16.9073 
17.3488 
17.6920 
17.9863 
18.5000 
o.oooo 
15.3843 
CENTERED AROUND: 
VARIANCE 1 <ITEM EFFECT ERROR> 
70 
336096 
63900 
======= 
399996 
90 
50790 
349206 
====== 
399996 
VARIANCE 
ABOUT 
CBS SCR 
0.0000 
3.5000 
3.8748 
4.1446 
4.2988 
3.8968 
3.3917 
3.7015 
3.1780 
3.0018 
3.0568 
2.7258 
2.6781 
2.4578 
2.1879 
2.2431 
1.8755 
1. 7712 
1.5137 
1.1000 
0.0000 
TOTAL N = 
7. 
84.025 /. 
15.975 ., ,. 
/. 
12.698 /. 
87.302 /. 
N 
0 
6 
71 
434 
1,849 
5,915 
14,786 
29,573 
48,053 
64,071 
70,479 
64,071 
48,054 
29,572 
14,785 
5,914 
1,849 
435 
73 
6 
0 
399,996 
AVERAGE TRUE 
= 0.5327 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 2.9480 
0.5306 
2.9514 
3.4808 VARIANCE ~ ..... <TOTAL ERROR SCORE> = 3.4805 
154 
DDMA::tN 50./50 
STUDENT NUMBER 19 PROBABILITY 
TRUE SCORE 15.7060 PROBABILITY 
CUT SCORE 60 
PASS 394529 
FAIL 5472 
======= 
TOTAL 400000 
CUT SCORE so 
PASS 
FAIL 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3: 17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
230002 
169998 
======= 
400000 
SUB TRUE 
SCORE 
12.6300 
12.9376 
13.2452 
13.5528 
13.9604 
14.1680 
14.4756 
14.7832 
15.0908 
15.3984 
15.7060 
16.0136 
16.3212 
16.6288 
16.9364 
17.2440 
17.5516 
17.8592 
19.1668 
18.4744 
18.7820 
/. 
99.632 /. 
1.368 /. 
., 
,. 
57.501 /. 
42.500 /. 
VARIANCE 
ABOUT 
SUB TRUE 
o.oooo 
3.5039 
3.6930 
4.1070 
3.7233 
3.7475 
3.5459 
3.3494 
3.4718 
2.8755 
3.1403 
2.8882 
2.7338 
2.3232 
2.3896 
1.8502 
1.8049 
1.5959 
1. 3611 
0.8257 
0.0000 
AVERAGE OF ALL CBS SCR 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
13.0000 
13. 0..972 
13.4000 
13.9166 
14.1572 
14.5051 
14.9551 
15.0475 
15.4775 
15.7725 
16.1625 
16.1975 
16.6101 
16.9775 
17.2891 
17.5119 
17.9101 
18.1667 
18.5714 
0.0000 
15.7412 
70 
350602 
49399 
======= 
400000 
90 
69542 
331458 
===== 
400000 
VARIANCE 
ABOUT 
CBS SCR 
0.0000 
4.0000 
3.7229 
4.0931 
3.7222 
3.7480 
3.5452 
3.3444 
3.4700 
2.8693 
3.1359 
2.8661 
2.7186 
2.3229 
2.3870 
1.8484 
1.8043 
1.5970 
1.3803 
0.9524 
0.0000 
TOTAL N = 
EASY 0.9391 
HARD 0.6315 
/. 
87.651 /. 
12.350 /. 
/. 
17.136 /. 
82.865 /. 
N 
0 
8 
72 
435 
1,847 
5,915 
14,786 
29,572 
48,052 
64,071 
70,480 
64,073 
48,055 
29,572 
14,784 
5,915 
1,850 
434 
72 
7 
0 
400,000 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 0.4655 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 2.9684 
VARIANCE 3 <TOTAL ERROR SCORE> = 3.4338 
155 
0.4731 
2.9763 
3.4350 
DOMAIN 50./50 
STUDENT NUMBER 20 PROBABILITY 
TRUE SCORE 16.0320 PROBABILITY 
CUT SCORE 60 
PASS 396289 
FAIL 3707 
======= 
TOTAL 399996 
CUT SCORE 80 
PASS 
FAIL 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
251217 
148779 
======= 
399996 
SUBTRUE 
SCORE 
13.1560 
13.4436 
13.7312 
14.0188 
14.3064 
14.5940 
14.8816 
15.1692 
15.4568 
15.7444 
16.0320 
16.3196 
16.6072 
16.8948 
17.1824 
17.4700 
17.7576 
18.0452 
18.3328 
18.6204 
18.9080 
i. 
99.073 i. 
0.927 7. 
i. 
62.805 i. 
37.195 i. 
VARIANCE 
ABOUT 
SUBTRl)E 
o.oooo 
2.5470 
4.1750 
3.7840 
3.9102 
3.7191 
3.4183 
3.2894 
3.2013 
3.0749 
2.5393 
2.4100 
2.2314 
2.1697 
2.0694 
1.6913 
1.8907 
1.4487 
1. 4768 
0.9543 
0.0000 
AVERAGE OF ALL OBS SCR 
AVERAGE 
OBSERVED 
SCORE' 
0.0000 
13.5714 
13.7778 
13.9471 
14.2688 
14.5484 
14.8176 
15.2499 
15.4401 
15.7351 
15.9501 
16.2575 
16.7100 
16.9575 
17.1601 
17.3249 
17.7906 
18.0553 
18.2639 
18.7500 
0.0000 
16.0210 
70 
367562 
32434 
======= 
399996 
90 
82952 
317044 
======= 
399996 
VARIANCE 
ABOUT 
OBS SCR 
0.0000 
2.9524 
4.2316 
3.7875 
3.9109 
3.7177 
3.4144 
3.2830 
3 • .2010 
3.0749 
2.5326 
2.4062 
2.2209 
2.1659 
2.0690 
1.6705 
1.8906 
1. 4519 
1.4928 
1.0714 
0.0000 
TOTAL N = 
EASY 0.9454 
HARD 0.6578 
i. 
91.891 i. 
8.109 7. 
7. 
20.738 7. 
79.262 7. 
N 
0 
7 
72 
435 
1,849 
5,914 
14,784 
29,573 
48,053 
64,072 
70,479 
64,072 
48,054 
29,571 
14,784 
5,915 
1,848 
434 
72 
8 
0 
399,996 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 0.4279 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 2.6944 
VARIANCE 3 <TOTAL ERROR SCORE> = 3.1222 
156 
0.4135 
2.6987 
3.1223 
DOMAIN SO/SO 
STUDENT NUMBER 
TRUE SCORE 
21 
16.3910 
PROBABILITY EASY 0.9519 
PROBABILITY HARD 0.6872 
CUT SCORE 60 /. 
PASS 398355 99.590 /. 
FAIL 1638 0.410 /. 
======= 
TOTAL 399993 
CUT SCORE SO /. 
PASS 288294 72.075 /. 
FAIL 111699 27.925 7. 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:19 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
======= 
399993 
SUB TRUE 
SCORE 
13.7440 
14.0087 
14.2734 
1.4.5381 
14.8028 
15.0675 
15.3322 
15.5969 
15.8616 
16.1263 
16.3910 
16.6557 
16.9204 
17.1851 
17.4498 
17.7145 
17.9792 
18.2439 
18.5086 
18.7733 
19.0380 
VARIANCE 
ABOUT 
SUB TRUE 
o.oooo 
2.0001 
4.3808 
3.7145 
3.2973 
3.5916 
3.1310 
3.1499 
2.7770 
·2.7348 
2.7985 
2.4359 
2.5586 
2.0145 
1.9534 
1. 6991 
1. 6165 
1.5320 
1.1112 
0.9380 
o.oooo 
AVERAGE OF ALL OBS SCR 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
14.0000 
14.1918 
14.4427 
14.9610 
15.3799 
15.3725 
15.6800 
15.9200 
16.1325 
16.3250 
16.6550 
16.8901 
17.3174 
17.5074 
17.6797 
17.8642 
18.2897 
19.5000 
18.7500 
0.0000 
16.4074 
70 F. 
378264 94.568 7. 
21729 5.432 F. 
======= 
399993 
90 7. 
108357 27.090 7. 
291636 72.910 7. 
====== 
399993 
VARIANCE 
ABOUT 
OBS SCR 
o.oooo 
2.5000 
4.4349 
3.7139 
3.2741 
3.4947 
3.1296 
3.1431 
2.7736 
2.7348 
2.7942 
2.4360 
2.5579 
1. 9971 
1.9502 
1.6981 
1.6042 
1. 5334 
1.1268 
1. 0714 
o.oooo 
TOTAL N = 
N 
0 
5 
73 
436 
1,948 
5,915 
14,795 
29,571 
48,053 
64,071 
70,478 
64,071 
48,053 
29,573 
14,785 
5,913 
1,848 
435 
72 
8 
0 
399,993 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 0.3332 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 2.6313 
VARIANCE 3 <TOTAL ERROR SCORE> = 2.9644 
157 
0.3503 
2.6361 
2.9646 
DOMA.:I N 50/50 
STUDENT NUMBER 
TRUE SCORE 
22 PROBABILITY EASY 0.9588 
16.7970 PROBABILITY HARD 0.7209 
CUT SCORE 60 
PASS 398493 
FAIL 1505 
======== 
TOTAL 399998 
CUT SCORE 80 
PASS 
FAIL 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
316553 
83445 
======= 
399998 
SUBTRUE 
SCORE 
14.4180 
14.6559 
14.8938 
15.1317 
15.3696 
15.6075 
15.8454 
16.0833 
16.3212 
16.5591 
16.7970 
17.0349 
17.2728 
17.5107 
17.7486 
17.9865 
18.2244 
18.4623 
18.7002 
18.9381 
19.1760 
'l. 
99.624 'l. 
0.376 'l. 
'l. 
79.139 'l. 
20.861 'l. 
VARIANCE 
ABOUT 
SUBTRUE 
o.oooo 
2.7789 
3.8551 
3.6004 
3.4450 
3.0664 
3.0886 
2.8150 
2.8765 
2.6103 
2.6452 
2.3304 
2.2700 
1.8231 
1.6774 
1. 7428 
1. 4116 
1. 2706 
1. 2734 
0.9729 
0.0000 
AVERAGE OF ALL OBS SCR 
AVERAGE 
OBSERVED 
SCORE 
o.oooo 
14.7143 
14.7808 
15.0346 
15.3616 
15.5733 
15.8924 
16.1350 
16.2475 
16.6525 
16.6901 
17.1500 
17.3200 
17.5974 
17.7301 
18.0431 
18.2326 
18.4805 
18.6111 
18.7500 
o.oooo 
16.8199 
CENTERED AROUND: 
VARIANCE 1 <ITEM EFFECT ERROR> 
70 
387018 
12980 
======= 
399998 
90 
147649 
252349 
====== 
399998 
VARIANCE 
ABOUT 
OBS SCR 
0.0000 
3.2381 
3.8957 
3.5993 
3.4468 
3.0658 
3.0866 
2.8124 
2.8711 
2.6016 
2.6338 
2.3171 
2.2679 
1.8156 
1.6772 
1.7399 
1.4123 
1. 2732 
1.2833 
1.0714 
0.0000 
TOTAL N = 
'l. 
96.755 'l. 
3.245 ., ,. 
7. 
36.912 % 
63.088 /. 
N 
0 
7 
434 
1,8:50 
5,915 
14,785 
29,573 
48,05.2 
64,071 
70,478 
64,072 
48,054 
29,571 
14,785 
5,914 
1,849 
435 
72 
8 
0 
399,998 
AVERAGE TRUE 
= 0.3082 0.2830 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 2.4874 2.4946 
.2.7960 VARIANCE 3 <TOTAL ERROR SCORE> = 2.7955 
158 
DOMAIN 50/50 
STUDENT NUMBER ~~ ........ PROBABILITY 
TRUE SCORE 17.2890 PROBABILITY 
CUT SCORE 60 
PASS 399835 
FAIL 161 
======= 
TOTAL 399996 
CUT SCORE 80 
PASS 
FAIL 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
350293 
49703 
======== 
399996 
SUB TRUE 
SCORE 
15.2480 
15.4521 
15.6562 
15.8603 
16.0644 
16.2685 
16.4726 
16.6767 
16.8808 
17.0849 
17.2890 
17.4931 
17.6972 
17.9013 
18.1054 
18.3095 
18.5136 
18.7177 
18.9218 
19.1259 
19.3300 
/. 
99.960 /. 
0.040 /. 
/. 
87.574 7. 
12.426 7. 
VARIANCE 
ABOUT 
SUB TRUE 
o.oooo 
2.5449 
3.4368 
3.0437 
3.0970 
3.0707 
2.7454 
2.5477 
2.5100 
2.3770 
1.9972 
2.0795 
1.8255 
1.6222 
1.5762 
1.2958 
0.9997 
1.2140 
0.9778 
0.5153 
0.0000 
AVERAGE OF ALL OBS SCR 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
15.5714 
15.7465 
15.9632 
16.1283 
16.2716 
16.4774 
16.7076 
16.9725 
16.9875 
17.3050 
17.4575 
17.7750 
17.8600 
18.1074 
18.4601 
18.6107 
18.6175 
18.9054 
19.2857 
o.oooo 
17.2934 
70 
394827 
5169 
====== 
399996 
90 
189981 
210015 
======= 
399996 
VARIANCE 
ABOUT 
CBS SCR 
0.0000 
2.9524 
3.4777 
3.0401 
3.0946 
3.0712 
2.7455 
2.5469 
2.5017 
2.3676 
1.9969 
2.0783 
1.8195 
1.6206 
1.5763 
1.2733 
0.9908 
1.2067 
0.9909 
0.5714 
o.oooo 
TOTAL N = 
EASY 0.9665 
HARD 0.7624 
/. 
98.708 /. 
1.292 /. 
/. 
47.496 /. 
52.504 /. 
N 
0 
7 
71 
435 
1,847 
5,914 
14,787 
29,571 
48,053 
64,073 
70,478 
64,071 
48,055 
29,572 
14,786 
5,914 
1,847 
434 
74 
7 
0 
399,996 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 0.2125 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 2.!396 
VARIANCE 3 <TOTAL ERROR SCORE> = 2.3519 
159 
0.2083 
2.1436 
2.3519 
DOMAIN 50./50 
STUDENT NUMBER 
TRUE SCORE 
24 
17.9490 
PROBABILITY EASY 0.9760 
PROBABILITY HARD 0.8189 
CUT SCORE 60 
PASS 399882 
FAIL 121 
======= 
TOTAL 400003 
CUT SCORE 80 
PASS 
FAIL 
TOTAL 
·EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: a 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
382146 
17857 
====--= 
400003 
SUB TRUE 
SCORE 
16.3780 
16.5351 
16.6922 
16.8493 
17.0064 
17.1635 
17.3206 
17.4777 
17.6348 
17.7919 
17.9490 
18.1061 
18.2632 
19.4203 
18.5774 
18.7345 
18.8916 
19.0487 
19.2058 
19.3629 
19.5200 
i. 
99.970 7. 
0.030 i. 
i. 
95.536 7. 
4.464 i. 
VARIANCE 
ABOUT 
SUB TRUE 
o.oooo 
1.7049 
2.6940 
2.8508 
2.1000 
2.0880 
2.6768 
2.1197 
2.1116 
1. 6741 
1.8404 
1.4404 
1. 4263 
1.3920 
1.1164 
1.1784 
0.9351 
0.8870 
0.7401 
0.4845 
o.oooo 
AVERAGE OF ALL OBS SCR 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
16.1429 
16.5972 
16.7798 
17.0038 
17.2347 
17.2323 
17.4825 
17.6350 
17.8875 
17.9300 
18.0625 
18.2574 
18.4399 
18.5950 
18.6972 
18.9183 
19.0253 
19.1944 
19.3750 
0.0000 
17.9530 
CENTERED AROUND: 
VARIANCE 1 <ITEM EFFECT ERROR> 
70 i. 
398946 99.736 i. 
1057 0.264 i. 
======= 
400003 
90 7. 
261977 
138026 
======= 
400003 
VARIANCE 
ABOUT 
CBS SCR 
0.0000 
1. 8095 
2.7228 
2.8526 
2.1012 
2.0832 
2.6692 
2.1198 
2.1116 
1.6650 
1.8401 
1. 4385 
1.4263 
1. 3917 
1.1162 
1.1772 
0.9348 
0.8885 
0.7504 
0.5536 
0.0000 
TOTAL N = 
65.494 i. 
34.506 i. 
N 
0 
7 
72 
436 
1,849 
5,915 
14,788 
29,570 
48,054 
64,073 
70,478 
64,071 
48,054 
29,574 
14,786 
5,914 
1,848 
434 
72 
8 
0 
400,003 
AVERAGE TRUE 
= 0.1221 0.1234 
VARIANCE ...., <PERSON X ITEM, ..... MEAS. ERROR> = 1. 7129 1. 7151 
1.8349 VARIANCE ""!' <TOTAL ERROR SCORE> = 1.8349 ..... 
160 
DOMAIN 50./50 
STUDENT NUMBER 25 PROBABILITY EASY 0.9929 
TRUE SCORE 19.3240 PROBABILITY HARD 0.9395 
CUT SCORE 60 F. 70 F. 
PASS 400000 100.000 F. 400000 100.000 /. 
FAIL 0 
======= 
TOTAL 400000 
CUT SCORE so 
PASS 
FAIL 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: a 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
399824 
176 
======= 
400000 
SUBTRUE 
SCORE 
18.7900 
18.8434 
18.8968 
18.9502 
19.0036 
19.0570 
19.1104 
19.1638 
19.2172 
19.2706 
19.3240 
19.3774 
19.4308 
19.4842 
19.5376 
19.5910 
19.6444 
19.6978 
19.7512 
19.8046 
19.8580 
0.000 F. 
'Y. 
99.956 i. 
0.044 'Y. 
VARIANCE 
ABOUT 
SUB TRUE 
o.oooo 
0.9462 
0.9661 
0.9881 
0.8830 
0.9307 
0.8043 
0.7133 
0.7308 
0.7200 
0.5534 
0.5956 
0.4518 
0.4259 
0.4590 
0.3750 
0.3088 
0.2776 
0.2083 
o. 1252 
0.0000 
AVERAGE OF ALL CBS SCR 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
18.7500 
18.9861 
18.8784 
19.0904 
19.0876 
19.0925 
19.2475 
19.2275 
19.2000 
19.3650 
19.3800 
19.5150 
19.5200 
19.5325 
19.6299 
19.7020 
19.7034 
19.7639 
19.8571 
0.0000 
19.3413 
CENTERED AROUND: 
0 
======= 
400000 
90 
389827 
10173 
======= 
400000 
VARIANCE 
ABOUT 
CBS SCR 
0.0000 
1. 0714 
0.9716 
0.9852 
0.8760 
0.9299 
0.8040 
0.7063 
0.7307 
0.7150 
0.5517 
0.5956 
0.4447 
0.4246 
0.4591 
0.3735 
0.3056 
0.2782 
0.2111 
0.1429 
0.0000 
TOTAL N = 
0.000 'Y. 
'Y. 
97.457 'Y. 
2.543 /. 
N 
0 
a 
72 
436 
1,948 
5,914 
14,796 
29,572 
48,054 
64,071 
70,479 
64,072 
48,053 
29,572 
14,785 
5,915 
1,949 
435 
72 
7 
0 
400,000 
AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 0.0189 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR) = 0.6050 
VARIANCE 3 <TOTAL ERROR SCORE> = 0.6238 
0.0143 
0.6076 
0.6241 
1 61 
DOMAIN 70/:::S:C> 
STUDENT NUMBER 1 PROBABILITY EASY 0.3672 ... 
TRUE SCORE 5.5038 PROBABILITY HARD ().0605 
CUT SCORE 60 Y. 70 /. 
PASS 951 0.238 ., ,. 43 0.011 /. 
FAIL 399051 99.762 /. 399959 99.989 ., I• 
======= ======= 
TOTAL 400002 400002 
CUT SCORE 80 /. 90 /. 
PASS 7 0.002 ., ,. 0 o.ooo /. 
FAIL 399995 99.998 /. 400002 100.000 /. 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
======= 
400002 
SUBTRUE 
SCORE 
1. 2100 
1.5167 
1.8234 
2.1301 
2.4368 
2.7435 
3.0502 
3.3569 
3.6636 
3.9703 
4.2770 
4.5837 
4.8904 
5.1971 
5.5038 
5.8105 
6.1172 
6.4239 
6.7306 
7.0373 
7.3440 
VARIANCE 
ABOUT 
SUBTRUE 
o.oooo 
0.0000 
0.0000 
0.0000 
0.0000 
1.6539 
2.1462 
2.2525 
2.8464 
2.6000 
3.1451 
2.7845 
2.9759 
4.0208 
3.7365 
4.1505 
3.8437 
4.2038 
3.8480 
5.0101 
4.4236 
AVERAGE OF ALL CBS SCR 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
o.oooo 
0.0000 
o.oooo 
2.0000 
2.5625 
3.0575 
3.2654 
3.7134 
4.0475 
4.2078 
4.5123 
4.8599 
5.4400 
5.3624 
5.8475 
6.1899 
6.3876 
6.8626 
7.1626 
7.3375 
5.5254 
======= 
400002 
VARIANCE 
ABOUT 
OBS SCR 
0.0000 
o.oooo 
0.0000 
0.0000 
0.0000 
1. 7292 
2.1711 
2.2496 
2.8458 
2.5946 
3.1406 
2.7796 
2.9750 
3.9619 
3.7166 
4.1492 
3.8385 
4.2027 
3.8309 
4.9962 
4.4375 
TOTAL N = 
CENTERED AROUND: AVERAGE 
VARIANCE 1 <ITEM EFFECT ERROR> = 0.4235 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR) = 3.7149 
VARIANCE 3 \TOTAL ERROR SCORE) = 4.1382 
162 
N 
0 
0 
0 
0 
1 
16 
87 
407 
1,542 
4,803 
12,328 
26,148 
45,758 
65,706 
76,655 
71,545 
52,169 
28,642 
11,139 
2,736 
320 
400,002 
TRUE 
0.3951 
3.7306 
4.1387 
DOMAIN 70/30 
STUDENT NUMBER 
TRUE SCORE 
2 
10.4050 
PROBABILITY 
PROBABILITY 
CUT SCORE 60 /. 
PASS 131369 32.842 /. 
67.158 /. FAIL 268628 
======= 
TOTAL 399997 
CUT SCORE 80 7. 
3081 
396916 
PASS 
FAIL 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
======= 
399997 
SUB TRUE 
SCORE 
3.6220 
4.1065. 
4.5910 
5.0755 
5.5600 
6.0445 
6.5290 
7.0135 
7.4980 
7.9825 
8.4670 
8.9515 
9.4360 
9.9205 
10.4050 
10.8895 
11.3740 
11.8585 
12.3430 
12.8275 
13.3120 
0.770 /. 
99.230 /. 
VARIANCE 
ABOUT 
SUBTRUE 
0.0000 
o.ooco 
0.0000 
o.oooo 
0.0000 
2.3901 
3.6833 
2.9429 
3.6311 
3.5137 
3.3341 
3.6554 
4.2212 
4.2201 
4.1352 
4.0664 
3.8484 
4.1665 
4.3218 
4.2483 
4.5774 
AVERAGE OF ALL OBS SCR 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
0.0000 
0.0000 
0.0000 
0. 00()0 
6.1333 
6.6628 
7.1204 
7.6559 
7.9898 
8.3208 
8.9900 
9.4025 
9.9301 
10.4525 
10.9050 
1 L 5701 
12.0902 
12.2747 
12.7545 
13.4125 
10.4534 
70 
35734 
364263 
====== 
399997 
90 
175 
399822 
======= 
399997 
VARIANCE 
ABOUT 
OBS SCR 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
2.5524 
3.7085 
2.9387 
3.6085 
3.5144 
3.3130 
3.6540 
4.2202 
4.2200 
4.1330 
4.0662 
3.8101 
4. 1129 
4.3176 
4.2445 
4.5817 
TOTAL N = 
EASY 0.6656 
HARD 0.1811 
/. 
8.934 /. 
91.066 /. 
/. 
0.044 7. 
99.956 7. 
N 
0 
0 
0 
0 
0 
15 
86 
407 
1,543 
4,802 
12,327 
26,147 
45,757 
65,704 
76,656 
71 '545 
52,168 
29,642 
11,141 
2,737 
320 
399,997 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 1.0962 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR) = 4.0406 
VARIANCE 3 <TOTAL ERROR SCORE> = 5.1367 
163 
0.9858 
4.0510 
5.1390 
DOMAIN 70/30 
STUDENT NUMBER 
TRUE SCORE 
3 
11.7464 
PROBABILITY EASY 0.7372 
PROBABILITY HARD 0.2376 
CUT SCORE 60 
PASS 218298 
FAIL 181693 
======= 
TOTAL 399991 
CUT SCORE 80 
PASS 
FAIL 
TOTAL 
EASY 
HARD 
0:20 
1:!.9 
2:18 
3:17 
4:16 
5:15 
6:14 
-, ... ~ 
I • 4 ·-• 
8:12 
9:11 
10:10 
11: 9 
1'''-... 8 
1 "'!'. -, 
·-·· 
, 
14: 6 
15: 5 
16: 4 
1'7· "'!' , .
·-· 
18: .., 
"' 19: 1 
2t): 0 
18740 
381251 
======= 
399991 
SUBTRUE 
SCORE 
4.7520 
5.2516 
5.7512 
6.2508 
6.7504 
7.2500 
7.7496 
8.2492 
8.7488 
9.2484 
9.7480 
10.2476 
10.7472 
11.2468 
11.7464 
12.2460 
12.7456 
13.2452 
13.7448 
14.2444 
14.7440 
7. 
54.576 'l. 
45.424 ., ..• 
'l. 
4.685 ., ,. 
95.315 'l. 
VARIANCE 
ABOUT 
SUB TRUE 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
3.8!25 
3.8154 
3.8448 
3.8355 
3.7941 
3.8972 
3.6878 
3.5393 
3.7495 
3. 7256. 
4.2355 
3.9871 
3.8333 
3.9649 
4.4185 
3.6568 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
7.3571 
7.8046 
8.0958 
8.6140 
9.4150 
9.6628 
10.3899 
10.7149 
11.2150 
11.7950 
12.3051 
12.9126 
13.1724 
13.7870 
14.2037 
14.7421 
AVERAGE OF ALL OBS SCR 11.7829 
CENTERED AROUND: 
VARIANCE 1 <ITEM EFFECT ERROR> 
70 'l. 
89803 22.451 'l. 
310188 77.549 'l. 
======= 
399991 
90 7. 
1113 0.278 /. 
398878 99.722 7. 
======= 
399991 
VARIANCE 
ABOUT 
CBS SCR 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
4.0934 
3.8567 
3.8307 
3.8198 
3.7671 
3.8903 
3.6677 
3.5383 
3.7486 
3.7232 
4.2321 
3.9593 
3.8282 
3.9635 
4.4184 
3.6683 
TOTAL N = 
AVERAGE 
= 1.0853 
N 
0 
0 
0 
0 
0 
14 
87 
407 
1,544 
4,802 
12,328 
26,148 
45,758 
65,703 
76,656 
71,545 
52,167 
28,641 
11,139 
2,734 
318 
399,991 
TRUE 
1.0481 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 3.8495 3.8568 
VARIANCE "'!' 
·-· 
<TOTAL ERROR SCORE> = 4.9346 4.9360 
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DOMAIN 7t~/3C> 
STUDENT NUMBER 4 PROBABILITY EASY 0.7770 
TRUE SCORE 12.5526 PROBABILITY HARD 0.2791 
CUT SCORE 60 ., 70 7. I• 
PASS 279385 69.846 7. 142399 35.599 7. 
FAIL 120618 30.154 7. 257604 64.401 ., ,. 
======= ======= 
TOTAL 400003 400003 
CUT SCORE 80 r. 90 7. 
PASS 35831 8.958 r. 2832 0.708 r. 
FAIL 364172 91.042 r. 397171 99.292 r. 
====== ======= 
TOTAL 400003 400003 
EASY SUBTRUE VARIANCE AVERAGE VARIANCE N 
HARD SCORE ABOUT OBSERVED ABOUT 
SUBTRUE SCORE OBS SCR 
0:20 5.5820 0.0000 0.0000 0.0000 0 
1:19 6.0799 0.0000 o.oooo 0.0000 0 
2:18 6.5778 0.0000 0.0000 0.0000 0 
3:17 7.0757 0.0000 0.0000 0.0000 0 
4:16 7.5736 0.0000 o.oooo 0.0000 0 
5:15 8.0715 4.4515 7.9375 4.7292 16 
6:14 8.5694 3.1756 8.5795 3.2120 as 
7:13 9.0673 3.2874 9.0025 3.2914 406 
8:12 9.5652 3.8823 9.5907 3.8842 1,544 
9:11 10.0631 3.7591 10.0877 3.7592 4,802 
10:10 10.5610 3.4142 10.5804 3.4141 12,327 
11: 9 11.0589 3.6602 10.9749 3.6532 26,147 
12: 8 11.5568 3.7647 11.6200 3.7608 45,759 
1 ~-.L~·· 7 12.0547 3.6713 12.2000 3.6503 65,706 
14: 6 12.5526 3.5088 12.6826 3.4919 76,656 
15: 5 13.0505 3.6043 12.9575 3.5957 71,545 
16: 4 13.5484 3.4635 13.7451 3.4249 52,169 
1'"'7· I • 3 14.0463 3.0153 14.1526 3.0041 28,640 
18: 2 14.5442 3.7353 14.5974 3.7328 11,140 
19: 1 15.0421 3.6591 15.1267 3.6533 2,738 
20: 0 15.5400 3.8033 15.4781 3.8114 320 
AVERAGE OF ALL OBS SCR 12.6227 TOTAL N = 400,003 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 1.0915 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 3.5443 
VARIANCE 3 <TOTAL ERROR SCORE> = 4.6356 
165 
1. 0412 
3.5594 
4.6405 
DOMA:XN 70/30 
STUDENT NUMBER 5 PROBABILITY EASY 0.8038 
TRUE SCORE 13.1300 PROBABILITY HARD 0.3128 
CUT SCORE 60 /. 70 /. 
PASS 318915 79.729 /. 177724 44.431 /. 
FAIL 81083 20.271 /. 222274 55.569 /. 
======= ======= 
TOTAL 399998 399998 
CUT SCORE 80 7. 90 /. 
PASS 51035 12.759 7. 4931 1.233 7. 
FAIL 348963 87.241 /. 395067 98.767 7. 
======= ======= 
TOTAL 399998 399998 
EASY SUB TRUE VARIANCE AVERAGE VARIANCE N 
HARD SCORE ABOUT OBSERVED ABOUT 
SUB TRUE SCORE CBS SCR 
0:20 6.2560 0.0000 0.0000 0.0000 0 
1:19 6.7470 o.oooo 0.0000 0.0000 0 
2:18 7.2380 0.0000 0.0000 0.0000 0 
3:17 7.7290 q.oooo 0.0000 0.0000 0 
4:16 8.2200 0.0000 0.0000 0.0000 0 
5:15 8.7110 2.6424 8.7692 2.8590 13 
6:14 9.2020 3.6870 9.0698 3.7127 86 
7:13 9.6930 3.9054 9.5320 3.8891 406 
8:12 10.1840 3.9539 10.1645 3.9561 1,544 
9:11 10.6750 3.5519 10.7078 3.5516 4,802 
10:10 11.1660 3.4537 11.0753 3.4458 12,328 
11: 9 11.6570 3.9575 11.7126 3.9545 26,149 
1 '"). 8 12.1480 3.4520 12.3125 3.4250 45,758 
... "". 
1 ~. 
.a.~·· 7 12.6390 3.2755 12.7125 3.2701 65~705 
14: 6 13.1300 2.9186 13.1850 2.9157 76,654 
15: 5 13.6210 3.4938 13.7100 3.4860 71!1546 
16: 4 14.1120 3.5146 14.0875 3.5141 52,168 
17: 3 14.6030 3.4371 14.4926 3.4251 28,642 
18: 2 15.0940 3.2509 15.1599 3.2468 11,140 
19: 1 15.5850 3.0005 15.6368 2.9989 2,737 
20: 0 16.0760 3.3726 16.1156 3.3816 320 
AVERAGE OF ALL CBS SCR 13.1795 TOTAL N = 399,998 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 0.9639 1. 0123 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 3.3559 3.3633 
VARIANCE ""!' <TOTAL ERROR SCORE> = 4.3197 4.3221 
·-· 
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DOMA:X:N 70/30 
STUDENT NUMBER 6 PROBABILITY 
TRUE SCORE 13.5892 PROBABILITY 
CUT SCORE 60 
PASS 335277 
FAIL 64714 
======= 
TOTAL 399991 
CUT SCORE 80 
PASS 
FAIL 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
18: 2 
19: 1 
2(>: 0 
76258 
~~~-,.~---
•J.t:...,.j I .,.j..;;. 
======= 
399991 
SUB TRUE 
SCORE 
6.8440 
7.3258 
7.8076 
8.2894 
8.7712 
9.2530 
9.7348 
10.2166 
10.6984 
11.1802 
11.6620 
12.1438 
12.6256 
13.1074 
13.5892 
14.0710 
14.5528 
15.0346 
15.5164 
15.9982 
16.4800 
7. 
83.821 7. 
16.179 7. 
7. 
19.065 7. 
80.935 7. 
VARIANCE 
ABOUT 
SUB TRUE 
o.oooo 
0.0000 
0.0000 
0.0000 
0.0000 
2.7307 
3.7589 
3.7410 
3.5452 
4.0437 
3.6301 
3.9543 
4.1541 
3.5971 
3.5171 
3.3823 
2.8581 
3.2517 
3.2156 
3.0213 
3.1060 
AVERAGE OF ALL CBS SCR 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
0.0000 
0.0000 
0.0000 
o.oooo 
9.0000 
9.5862 
9.9706 
10.8140 
11.2924 
11.6272 
12.2173 
12.5474 
13.1600 
13.5900 
14.2125 
14.5449 
14.8875 
15.5028 
16.1199 
16.4844 
13.6085 
70 
214588 
185403 
======= 
399991 
90 
8989 
391002 
======= 
399991 
VARIANCE 
ABOUT 
OBS SCR 
o.oooo 
0.0000 
0.0000 
o.oooo 
0.0000 
2.8571 
3.7803 
3.6896 
3.5341 
4.0320 
3.6292 
3.9490 
4.1481 
3.5944 
3.5171 
3.3623 
2.8581 
3.2302 
3.2157 
3.0076 
3.1157 
TOTAL N = 
EASY 0.8240 
HARD 0.3422 
7. 
53.648 7. 
46.352 7. 
7. 
2.247 7. 
97.753 /. 
N 
0 
0 
0 
0 
0 
15 
87 
408 
1,543 
4,801 
12,326 
26,147 
45,758 
65,703 
76,655 
71,545 
52,168 
28,641 
11,139 
2,735 
320 
399,991 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 0.9682 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR) = 3.4937 
VARIANCE 3 <TOTAL ERROR SCORE) = 4.4618 
167 
0.9748 
3.5007 
4.4621 
DDMA:IN 
STUDENT NUMBER 
TRUE SCORE 
CUT SCORE 60 
PASS 352915 
FAIL 47083 
======= 
TOTAL 399998 
CUT SCORE 80 
P~SS 
FAIL 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
8 1..,. ..... 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
92735 
307263 
======= 
399998 
SUB TRUE 
SCORE 
7.3700 
7.8415 
8.3130 
8.7845 
9.2560 
9.7275 
10.1990 
10.6705 
11.1420 
11.6135 
12.0850 
12.5565 
13.0280 
13.4995 
13.9710 
14.4425 
14.9140 
15.3855 
15.8570 
16.3285 
16.8000 
7 
13.9710 
., 
,. 
88.229 /. 
11.771 7. 
/. 
23.184 7. 
76.816 7. 
VARIANCE 
ABOUT 
SUS TRUE 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
2.6408 
4.2991 
4.2041 
3.9867 
3.8483 
4.1052 
3.5630 
3.9937 
3.8350 
2.9649 
3.1216 
2.8501 
2.9433 
3.3582 
2.8565 
2.8512 
AVERAGE OF ALL CBS SCR 
70/30 
PROBABILITY 
PROBABILITY 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
9.7692 
10.2045 
10.6765 
11.1108 
11.5575 
12.0949 
12.5924 
13.0350 
13.3875 
14.0650 
14.3975 
14.8576 
15.4073 
15.6972 
16.5607 
16.7000 
13.9566 
70 
241549 
158449 
======= 
399998 
90 
12877 
387121 
======= 
399998 
VARIANCE 
ABOUT 
OBS SCR 
0.0000 
0.0000 
0.0000 
o.oooo 
0.0000 
2.8590 
4.3485 
4.2144 
3.9884 
3.8460 
4.1054 
3.5619 
3.9937 
3.8225 
2.9561 
3.1197 
2.8470 
2.9429 
3.3330 
2.8036 
2.8502 
TOTAL N = 
EASY 0.8400 
HARD o.3o85 
'Y. 
60.388 /. 
39.612 7. 
7. 
3.219 ., ,. 
96.781 7. 
N 
0 
0 
0 
0 
0 
13 
88 
405 
1,543 
4,802 
12,326 
26,149 
45,757 
65,707 
76,656 
71,547 
52,168 
28,643 
11,138 
2,736 
320 
399,998 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 ( ITEM EFFECT ERROR> = 0. 9241 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 3.3318 
VARIANCE 3 <TOTAL ERROR SCORE> = 4.2558 
168 
0.9335 
3.3375 
4.2560 
DOMAIN /(::> / 3C) 
STUDENT NUMBER 8 PROBABILITY EASY 0.8535 
TRUE SCORE 14.3064 PROBABILITY HARD 0.3929 
CUT SCORE 60 7. 
PASS 363229 90.808 7. 
FAIL 36767 9.192 7. 
======= 
TOTAL 399996 
CUT SCORE SO 7. 
PASS 116956 29.239 i. 
FAIL 283040 70.761 7. 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
======= 
399996 
SUBTRUE 
SCORE 
7.8580 
8.3186 
8.7792 
9.2398 
9.7004 
10.1610 
10.6216 
11.0822 
11.5428 
12.0034 
12.4640 
12.9246 
13.3852 
13.8458 
14.3064 
14.7670 
15.2276 
15.6882 
16.1488 
16.6094 
17.0700 
VARIANCE 
ABOUT 
SUB TRUE 
o.oooo 
o.oooo 
o.oooo 
0.0000 
0.0000 
2.8346 
4.2333 
4.0216 
4.0855 
3.3009 
3.9278 
4.2340 
3.4541 
3.0705 
3.1196 
3.4169 
2.6077 
3.2614 
2.4546 
2.5213 
2.9174 
AVERAGE OF ALL OBS SCR 
·AVERAGE 
OBSERVED 
SCORE 
0.0000 
0.0000 
0.0000 
o.oooo 
0.0000 
9.9296 
10.7241 
11.0296 
11.7487 
12.0727 
12.5273 
12.7475 
13.3076 
13.8750 
14.3375 
14.7800 
15.1676 
15.8975 
16.3524 
16.4910 
16.9530 
14.3145 
CENTERED AROUND: 
VARIANCE 1 <ITEM EFFECT ERROR> 
70 
266454 
133542 
======= 
399996 
90 
21021 
378975 
====== 
399996 
VARIANCE 
ABOUT 
CBS SCR 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
2.9945 
4.2719 
4.0288 
4.0457 
3.2967 
3.9241 
4.2028 
3.4482 
3.0697 
3.1187 
3.4168 
2.6041 
3.2177 
2.4134 
2.5082 
2.9129 
TOTAL N = 
7. 
66.614 7. 
33.386 i. 
7. 
5.255 i. 
94.745 7. 
N 
0 
0 
0 
0 
0 
14 
87 
406 
1,544 
4,802 
14"0) -='!_,-, 
..... ' "-"'4'.1 
26,146 
45,759 
65,706 
76,655 
71 '544 
52,170 
28,642 
11,140 
2,735 
319 
399,996 
AVERAGE TRUE 
= 0.9737 0.8908 
VARIANCE ,..., <PERSON X ITEM, MEAS. ERROR> = 3. 22C)2 3.2284 
"" VARIANCE "'t" <TOTAL ERROR SCORE> = 4.1938 4.1938 
-· 
169 
DOMAl:N 70/3<::> 
STUDENT NUMBER 9 PROBABILITY EASY 0.8650 
TRUE SCORE 14.6054 PROBABILITY HARD 0.4159 
CUT SCORE 60 Y. 70 /. 
PASS 374210 93.552 7. 290381 72.595 ;. 
FAIL 25793 6.448 /. 109622 27.o405 /. 
======= ======= 
TOTAL 400003 400003 
CUT SCORE so ;. 90 /. 
PASS 134756 33.689 ., 25494 6.373 ;. ,. 
FAIL 265247 66.311 /. 374509 93.627 /. 
======= ====== 
TOTAL 400003 400003 
EASY SUB TRUE VARIANCE AVERAGE VARIANCE N 
HARD SCORE ABOUT OBSERVED ABOUT 
SUB TRUE SCORE CBS SCR 
0:20 8.3180 0.0000 0.0000 0.0000 
1:19 8.7671 0.0000 0.0000 0.0000 
2:18 9.2162 0.0000 0.0000 o.oooo 
3:17 9.6653 0.0000 0.0000 0.0000 
4:16 10.1144 0.0000 0.0000 0.0000 
5:15 10.5635 2.8995 10.6667 3.0952 
6:14 11.0126 3.8157 11.0230 3.8599 
7:13 11.4617 4.1088 11.5025 4.1173 
8:12 11.9108 4.3276 12.0427 4.3129 
9:11 12.3599 3.7143 12.4325 3.7098 
10:10 12.8090 3.2039 12.8447 3.2028 
11: 9 13.2581 3.1545 13.2950 3.1533 
1'"'· 4a 8 13.7072 3.0990 13.9550 3.0377 
13: 7 14.1563 3.0575 14.0550 3.0473 
14: 6 14.6054 3.5356 14.6675 3.5318 
15: 5 15.0545 2.8243 14.9450 2.8123 
16: 4 15.5036 2.8189 15.6025 2.8092 
1 "7. 
.&. I a "':!' ._. 15.9527 2.5367 15.9402 2.5366 
18: ..., 16.4018 2.3109 16.4501 2.3088 4 
19: 1 16.8509 2.6060 16.8692 2.6066 
20: 0 17.3000 2.4185 17.1630 2.4073 
AVERAGE OF ALL OBS SCR 14.6278 TOTAL N = 
CENTERED AROUND: AVERAGE 
VARIANCE 1 <ITEM EFFECT ERROR> = 0.8143 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 3.0311 
VARIANCE ~ <TOTAL ERROR SCORE> = 3.8453 ..... 
170 
0 
0 
0 
0 
0 
15 
87 
406 
1,545 
4,802 
12,328 
26,147 
45,760 
65,706 
76,655 
71,546 
52,168 
28,643 
11,140 
2,736 
319 
400,003 
TRUE 
0.8470 
3.0442 
3.8458 
DOMPliN 70./30 
STUDENT NUMBER 10 PROBABILITY EASY 0.8751 
TRUE SCORE: 14.8776 PROBABILITY HARD 0.4377 
CUT sco~:E 60 ., 70 'Y. ,. 
PASS 382851 95.713 'Y. 304057 76.014 'Y. 
FAIL 17148 4.297 'Y. 95942 23.986 'Y. 
====== ======= 
TOTAL 399999 399999 
CUT SCORE 80 'Y. 90 'Y. 
PASS 154701 38.675 'Y. 29983 7.496 ., ,. 
FAIL 245298 61.325 ., 370016 92.504 'Y. ,. 
======= ===== 
TOTAL 399999 399999 
EASY SUSTRUE VARIANCE AVERAGE VARIANCE N 
HARD SCORE ABOUT OBSERVED ABOUT 
SUB TRUE SCORE CBS SCR 
0:20 8.7540 o.oooo 0.0000 0.0000 0 
1:19 9.1914 o.oooo 0.0000 o.oooo 0 
2:18 9.6288 0.0000 0.0000 0.0000 0 
3:17 10.0662 0.0000 0.0000 o.oooo 0 
.. 
4:16 10.5$)36 o.oooo 0.0000 0.0000 0 
5:15 10.9410 4.7447 11.0667 5.0667 15 
6:14 11.3784 3.9515 11.6136 3.9410 88 
7:13 11.8158 3.9774 11.8399 3.9867 406 
8:12 12.2532 4.0377 12.2876 4.0391 1,544 
9:11 12.6906 3.6909 12.6277 3.6877 4,803 
10:10 13.1280 3.3760 13.2072 3.3700 12,327 
11: 9 13.5654 3.1093 13.4949 3.1044 26,146 
1"'· 
-· 
8 14.0028 3.2125 14.0025 3.2126 45,760 
13: 7 14.4402 2.8890 14.3374 2.8785 65,704 
14: 6 14.8776 3.1664 14.8925 3.1663 76,658 
15: 5 15.3150 2.8502 15.3675 2.8475 71,546 
16: 4 15.7524 2.4015 15.6225 2.3847 52,168 
17: ~ ._. 16.1898 2.6007 16.1525 2.5994 28,641 
18: "") 16.6272 2.4902 16.7446 2.4766 11,139 ..... 
19: 1 17.0646 2.3262 17.0801 2.3268 2,735 
20: 0 17.5020 2.2565 17.4420 2.2600 319 
AVERAGE OF ALL CBS SCR 14.8540 TOTAL N = 399,999 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 0.8121 0.8034 
VARIANCE "") <PERSON X ITEM, MEAS. ERROR} = 2.9120 2.9175 ..... 
VARIANCE ""!'!' 
·-· 
<TOTAL ERROR SCORE> = 3.7240 3.7245 
1 71 
DOMA:t:N 70./30 
STUDENT NUMBER 11 F'ROBAB I L I TY EASY 0.8842 
TRUE SCORE 15.1322 PROBABILITY HARD 0.4589 
CUT SCORE 60 7. 
PASS 387723 96.931 ~~ 
FAIL 12276 3.069 7. 
====== 
TOTAL 399999 
CUT SCORE SO 7. 
PASS 177491 44.373 7. 
FAIL 222508 55.627 7. 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
======= 
399999 
SUBTRUE 
SCORE 
9.1780 
9.6033 
10.0286 
10.4539 
10.8792 
11.3045 
11.7298 
12.1551 
12.5804 
13.0057 
13.4310 
13.8563 
14.2816 
14.7069 
15.1322 
15.5575 
15.9828 
16.4081 
16.8334 
17.2587 
17.6840 
VARIANCE 
ABOUT 
SUB TRUE 
0.0000 
0.0000 
o.oooo 
0.0000 
o.oooo 
.2.9746 
4.0299 
3.8950 
3.5780 
3.5949 
3.5373 
3.3782 
3.2749 
2.5515 
2.8570 
2.5562 
2.7165 
2.3830 
2.7399 
2.4143 
2.0920 
AVERAGE OF ALL OBS SCR 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
0.0000 
o.oooo 
0.0000 
0.0000 
11.4286 
11.6437 
12.2260 
12.5650 
13.0675 
13.5277 
14.0799 
14.1274 
14.7325 
15.1350 
15.6500 
16.0349 
16.5224 
16.7352 
17.3716 
17.7147 
15.1673 
CENTERED AROUND: 
<ITEM EFFECT ERROR> 
70 
324504 
75495 
======= 
399999 
90 
43376 
356623 
======= 
399999 
VARIANCE 
ABOUT 
CBS SCR 
0.0000 
0.0000 
o.oooo 
0.0000 
0.0000 
3.1868 
4.0692 
3.8995 
3.5801 
3.5919 
3.5293 
3.3293 
3.2512 
2.5509 
2.8570 
2.5477 
2.7138 
2.3700 
2.7305 
2.4025 
2.0976 
TOTAL N = 
7. 
81. 126 ., ,. 
18.874 7. 
., 
,. 
10.844 ., Ia 
89.156 /. 
N 
0 
0 
0 
0 
0 
14 
87 
407 
1,545 
4,803 
12,326 
26,148 
45,758 
65,705 
76,655 
71' 545 
52,169 
28,642 
11,139 
2,737 
319 
399,999 
AVERAGE TRUE 
= VARIANCE 1 
VARIANCE 2 
VARIANCE 3 
<PERSON X ITEM, MEAS. ERROR> = 
<TOTAL ERROR SCORE> = 
0.7844 
2.8002 
3.5844 
0.7596 
2.8097 
3.5857 
172 
DOMA:X:N 70/30 
STUDENT NUMBER 12 PROBABILITY EASY 0.8924 
TRUE SCORE 15.3712 PROBABILITY HARD 0.4796 
CUT SCORE 60 i. 
PASS 386316 96.580 7. 
FAIL 13679 3.420 7. 
======= 
TOTAL 399995 
CUT SCORE SO i. 
PASS 192039 48.010 % 
FAIL 207956 51.990 7. 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
====== 
399995 
SUB TRUE 
SCORE 
9.5920 
10.0048 
10.4176 
)0.8304 
11.2432 
11.6560 
12.0688 
12.4816 
12.8944 
13.3072 
13.7200 
14.1328 
14.5456 
14.9584 
15.3712 
15.7840 
16.1968 
16.6096 
17.0224 
17.4352 
17.8480 
VARIANCE 
ABOUT 
SUB TRUE 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
3 .. 0109 
4.7393 
3.8931 
3.8674 
3.8232 
3.7803 
3.0611 
3.0855 
3.3993 
3.5419 
2.7366 
2.5891 
2.7322 
2.7285 
.., ~~~0 
... • w-· ./ ·-•U 
1.9820 
AVERAGE OF ALL CBS SCR 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
0.0000 
0.0000 
o.oooo 
0.0000 
11.4286 
12.0698 
12. 4310" 
12.8834 
13.3648 
13.6403 
14.1274 
14.3501 
14.9101 
15.2875 
15.7450 
16.1325 
16.4775 
16.9446 
17.4751 
17.8339 
15.2960 
CENTERED AROUND: 
VARIANCE 1 <ITEM EFFECT ERROR> 
70 
328548 
71447 
======= 
399995 
90 
50142 
349853 
======= 
399995 
VARIANCE 
ABOUT 
CBS SCR 
0.0000 
0.0000 
o.oooo 
0.0000 
o.oooo 
3.1868 
4.7951 
3.9002 
3.8697 
3.8207 
3.7742 
3.0612 
3.0474 
3.3970 
3.5350 
2.7351 
2.5851 
2.7149 
2.7226 
2.3731 
1.9880 
TOTAL N = 
i. 
82.138 i. 
17.862 'i. 
7. 
12.536 7. 
87.464 7. 
N 
0 
0 
0 
0 
0 
14 
86 
406 
1,544 
4,803 
12,327 
26:-147 
45,758 
65,704 
76,656 
71,545 
52,169 
28,642 
11,139 
2,736 
319 
399,995 
AVERAGE TRUE 
= 0.7195 0.7155 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 3.0808 3.0892 
VARIANCE 3 <TOTAL ERROR SCORE> = 3.8002 3.8058 
173 
DOMAIN 70./30 
STUDENT NUMBER 1-::" 
-· 
PROBABILITY EASY 0.9000 
TRUE SCORE 15.6000 PROBABILITY HARD 0.5000 
CUT SCORE 60 
PASS 393374 
FAIL 6620 
======= 
TOTAL 399994 
CUT SCORE 80 
PASS 
FAIL 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7 • 1 "'=:" .... ._. 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: t) 
215485 
184509 
======= 
399994 
SUB TRUE 
SCORE 
10.0000 
10.4000 
10.8000 
11.2000 
11.6000 
12.0000 
12.4000 
12.8000 
13.2000 
13.6000 
14.0000 
14.4000 
14.8000 
15.2000 
15.6000 
16.0000 
16.4000 
16.8000 
17.2000 
17.6000 
18.0000 
/. 
98.345 /. 
1.655 /. 
f. 
53.872 /. 
46.128 ., ,. 
VARIANCE 
AB.OUT 
SUB TRUE 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
2.7857 
3.9301 
3.4538 
4.0580 
3.6116 
3.6478 
3.1942 
3.1577 
3.1085 
3.1023 
2.4176 
2.3922 
2.1075 
2.3358 
1.8508 
1.8997 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
11.9286 
12.5747 
12.8768 
13.1510 
13.3850 
14.0226 
14.4450 
14.9450 
15.2725 
15.4649 
15.9775 
16.5375 
16.7877 
17.2398 
17.5459 
18.0125 
AVERAGE OF ALL OBS SCR 15.6174 
CENTERED AROUND: 
VARIANCE 1 (ITEM EFFECT ERROR> 
70 
346369 
53625 
======= 
399994 
90 
65046 
334948 
======= 
399994 
VARIANCE 
ABOUT 
CBS SCR 
0.0000 
0.0000 
0.0000 
o.oooo 
0.0000 
2.9945 
3.9449 
3.4564 
4.0582 
3.5661 
3.6476 
3.1923 
3.1367 
3.1033 
3.0841 
2.4171 
2.3734 
2.1074 
2.3344 
1.8486 
1.9055 
TOTAL N = 
f. 
86.594 /. 
13.406 /. 
/. 
16.262 ., ,. 
83.738 /., 
N 
0 
0 
0 
0 
0 
14 
87 
406 
1,543 
4,802 
12,326 
26,148 
45,759 
65,704 
76,657 
71,545 
52,168 
28,642 
11,139 
2,735 
319 
399,994 
AVERAGE TRUE 
= 0.6723 0.6718 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 2.8156 2.8256 
VARIANCE "'=:" <TOTAL ERROR SCORE> = 3.4878 3.4881 
--· 
174 
OOMA:IN 70/30 
STUDENT NUMBER 14 PROBABILITY EASY c). 9071 
TRUE SCORE 15.8218 PROBABILITY HARD 0.5204 
CUT SCCRE 60 7. 70 7. 
PASS 394990 98.749 7. 360015 90.005 7. 
FAIL 5006 1.252 7. 39981 9.995 7. 
======= ======= 
TOTAL 399996 399996 
CUT SCORE 80 7. 90 ., ,. 
PASS 233472 58.369 ., 67867 16.967 /. ,. 
FAIL 166524 41.631 7. 332129 83.033 ., ,. 
======= ======= 
TOTAL 399996 399996 
EASY SUB TRUE VARIANCE AVERAGE VARIANCE N 
HARD SCORE ABOUT OBSERVED· ABOUT 
SUB TRUE SCORE CBS SCR 
0:20 10.4080 0.0000 0.0000 0.0000 0 
1:19 10.7947 o.oooo 0.0000 0.0000 0 
2:18 11.1814 o.oooo 0.0000 0.0000 0 
3:17 11.5681 0.0000 0.0000 0.0000 0 
4:16 11.9548 o.oooo 0.0000 0.0000 0 
5:15 12.3415 3.6475 12.4615 3 .. 9359 13 
6:14 12.7282 4.1241 12.6860 4 .. 1709 86 
7:13 13.1149 3.2085 13.1256 3.2163 406 
8:12 13.5016 4.0058 13.6591 3.9836 1,543 
9:11 13.8883 3.3503 14.0200 3.3336 4,803 
10:10 14.2750 3.2255 14.4300 3 .. 2017 12,328 
11: 9 14.6617 3.3700 14 .. 4700 ~ -=!"-::!~~ .....,. • •J'-'--.•-.J 26,147 
1'''-...... 8 15.0484 2.8693 15.1074 2.8659 45,759 
13: 7 15.4351 2.5050 15.5076 2.4998 65,704 
14: 6 15.8218 2.7841 15.7325 2.7761 76,656 
15: 5 16.2085 2.6476 16.0925 2.6341 71,546 
16: 4 16.5952 2.2831 16.6100 2.2829 52,169 
17: 3 16.9819 2.2370 17.0349 2.2342 28,643 
18: ...., 17.3686 1.9069 17.3998 1.9061 11,138 ..... 
19: 1 17.7553 1.8795 17.7763 1.8797 2,736 
20: 0 18.1420 1. 7677 18.0502 1. 7648 319 
AVERAGE OF ALL CBS SCR 15.8038 TOTAL N = 399,996 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 0.6208 0.6279 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 2.6430 2.6518 
VARIANCE "'!' <TOTAL ERROR SCORE> = 3.2637 3.2640 ._. 
175 
DOMAl:N 70/30 
STUDENT NUMBER 15 PROBABILITY EASY 0.9139 
TRUE SCORE 16.0412 PROBABILITY HARD 0.5411 
CUT SCORE 60 7. 70 7. 
PASS 395898 98.976 7. 364606 91.152 7. 
FAIL 4098 1.025 7. 35390 8.848 ., ,. 
======= ======= 
TOTAL 399996 399996 
CUT SCORE so ., 90 7. ,. 
PASS 258683 64.671 7. 86651 21.663 7. 
FAIL 141313 35.329 7. 313345 78.337 7. 
====== ====== 
TOTAL 399996 399996 
EASY SUB TRUE VARIANCE AVERAGE VARIANCE N 
HARD SCORE ABOUT OBSERVED ABOUT 
SUBTRUE SCORE OBS SCR 
0:20 10.8220 0.0000 0.0000 0.0000 0 
1:19 11.1948 o.oooo 0.0000 0.0000 0 
2:!8 11.5676 o.oooo 0.0000 0.0000 0 
3:17 11.9404. 0.0000 0.0000 0.0000 0 
4:16 12.3132 0.0000 0.0000 0.0000 0 
5:15 12.6860 3.3885 12.4000 3.5429 15 
6:14 13.0588 4.3657 12.8182 4.3574 88 
7:13 13.4316 3.8072 13.2826 3.7944 407 
8:12 13.8044 4.1571 13.8091 4.1598 1,545 
9:11 14.1772 3.3818 14.2199 3.3806 4,803 
10:10 14.5500 3.0390 14.5956 3.0372 12,326 
11: 9 14.9228 3.2436 14.8603 3.2398 26,147 
12: 8 15.2956 3.0638 15.3475 3.0612 45,758 
1 "'!!". 
........ 7 15.6684 3.0628 15.6500 3.0625 65,705 
14: 6 16.0412 2.5750 16.0525 2.5749 76,656 
15: 5 16.4140 2.5713 16.4350 2.5709 71,545 
16: 4 16.7868 2.1700 16.8875 2.1599 52,168 
1 ""7. ,  "'!!" ..... 17.1596 2.4055 17.0948 2.4014 28,641 
18: 2 17.5324 1.8735 17.5400 1.8736 11,138 
19: 1 17.9052 1.5997 17.8286 1. 5944 2,736 
20: 0 18.2780 1.5545 18.2673 1.5592 318 
AVERAGE OF ALL OBS SCR 16.0558 TOTAL N = 399,996 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 0.5941 0.5837 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 2.6915 2.6939 
VARIANCE "'!!" ..... <TOTAL ERROR SCORE> = 3.2855 3.2857 
176 
DOMAIN 70./30 
STUDENT NUMBER 16 PROBABILITY EASY 0.9204 
TRUE SCORE 16.2594 PROBABILITY HARD 0.5623 
CUT SCORE 60 7. 70 7. 
PASS 397633 99.409 7. 372049 93.013 7. 
FAIL 2365 0.591 7. 27949 6.987 7.. 
======= ======= 
TOTAL 399998 399998 
CUT SCORE 80 7. 90 7. 
PASS 275523 68.881 /. 94919 23.730 ., ,. 
FAIL 124475 31.119 7.. 305079 76.270 ., ,. 
====== ====== 
TOTAL 399998 399998 
EASY SUB TRUE VARIANCE AVERAGE VARIANCE N 
HARD SCORE ABOUT OBSERVED ABOUT 
SUBTRUE SCORE CBS SCR 
0:20 11.2460 o.oooo 0.0000 0.0000 0 
1:19 11.6041 o.oooo (). 0000 0.0000 0 
2:18 11.9622 o.oooo 0.0000 o.oooo 0 
3:17 12.3203 o.oooo 0.0000 0.0000 0 
4:16 12.6784 0.0000 0.0000 0.0000 0 
5:15 13.0365 3.4831 13.2500 3.6667 16 
6:14 13.3946 3.5218 13.4828 3.5549 87 
7:13 13.7527 3.8000 13.7857 3.8083 406 
8·1.., 
......... 14.1108 3.7829 14.2259 3.7721 1,545 
9:11 14.4689 3.2099 14.4225 3.2084 4,802 
10:10 14.8270 3.4313 14.7599 3.4271 12,326 
11: 9 15.1851 2.9812 15.1449 2.9797 26,149 
1"'· ... a 15.5432 3.0533 15.4226 3.0388 45,759 
1 ~-,_.. 7 15.9013 2.5510 15.8550 2.5489 65,704 
14: 6 16.2594 2.4291 16.3675 2.4174 76,655 
15: 5 16.6175 2.3700 16.6225 2.3700 71,545 
16: 4 16.9756 2.2514 16.9099 2.2472 52,169 
17: 3 17.3337 2.1883 17.2449 2.1804 28,641 
18: ..., 17.6918 1.8431 17.5623 1.8265 11,139 ..... 
19: 1 18.0499 1.5496 18.0848 1.5489 2,736 
20: 0 18.4080 1.2277 18.4859 1.2254 319 
AVERAGE OF ALL OBS SCR 16.2367 TOTAL N = 399,998 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 0.5462 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 2.5234 
VARIANCE 3 <TOTAL ERROR SCORE> = 3.0696 
177 
0.5385 
2.5295 
3.0701 
DDMAJ:N 
STUDENT NUMBER 
TRUE SCORE 
CUT SCORE 60 
PASS 398742 
FAIL 1251 
======= 
TOTAL 399993 
CUT SCORE 80 
PASS 
FAIL 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4: 16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
1 "7. ~ , 
...... 
18: "" ~
19: 1 
20: 0 
294494 
105499 
======= 
399993 
SUBTRUE 
SCORE 
11.6820 
12.0246 
12.3672 
12.7098 
13.0524 
13.3950 
13.7376 
14.0802 
14.4228 
14.7654 
15.1080 
15.4506 
15.7932 
16.1358 
16.4784 
16.8210 
17.1636 
17.5062 
17.8488 
18.1914 
18.5340 
17 
16.4784 
/. 
99.687 f. 
0.313 ., 
'• 
/. 
73.625 ., ,. 
26.375 /. 
VARIANCE 
ABOUT 
SUB TRUE 
0.0000 
0.0000 
0.0000 
0.0000 
o.oooo 
2.8853 
3.3442 
3. 4222 
3.3456 
3.1428 
2.9066 
3.3271 
2.5119 
2.7237 
2.4702 
2.2061 
2.0923 
1.6133 
1.8210 
1. 5112 
1.3977 
AVERAGE OF ALL CBS SCR 
70./::S:c:> 
PROBABILITY EASY 0.9267 
PROBABILITY HARD 0.5841 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
13.0714 
13.6163 
13.9630 
14.4935 
14.8324 
15.1325 
15.3949 
15.8474 
16.2200 
16.4925 
16.8925 
17.1350 
17.6425 
17.9025 
18.2102 
18.4594 
16.5196 
70 
380875 
19118 
=====:::::= 
399993 
90 
121681 
278312 
======= 
399993 
VARIANCE 
ABOUT 
ass scR 
0.0000 
o.oooo 
o.oooo 
o.oooo 
o.oooo 
2.9945 
3.3687 
3.4169 
3.3428 
3.1389 
2.9063 
3.3241 
2.5091 
2.7167 
2.4700 
2.2011 
2.0916 
1.5948 
1. 9183 
1. 5114 
1.3965 
TOTAL N = 
7. 
95.220 /. 
4.780 /. 
/. 
30.421 /. 
69.579 '/. 
N 
0 
0 
0 
0 
0 
14 
86 
405 
1,544 
4,802 
12,327 
26,147 
45,758 
65,705 
76,656 
71,545 
52,168 
28,642 
11,139 
2,735 
320 
399,993 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 0.5078 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 2.4111 
VARIANCE 3 <TOTAL ERROR SCORE> = 2.9188 
178 
0.4928 
2.4153 
2.9205 
DOMAIN 70/3Cl 
STUDENT NUMBER 
TRUE SCORE 
18 
16.7032 
PROBABILITY EASY 0.9329 
PROBABILITY HARD 0.6071 
CUT SCORE 60 7. 
PASS 398555 99.640 7. 
FAIL 1441 0.360 /. 
======= 
TOTAL 399996 
CUT SCORE 80 /. 
PASS 300649 75.163 7. 
FAIL 99347 24.837 /. 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7 • .,~ o-4-.J 
8 .1.., ......... 
9:11 
10:10 
11: 9 
12: 8 
1~· ._ .. 7 
14: 6 
10:::· ..... 5 
16: 4 
1 "7. ~ . , . . _,. 
18: 2 
19: 1 
20: 0 
======= 
399996 
SUBTRUE 
SCORE 
12.1420 
12.4678 
12.7936 
13.1194 
13.4452 
13.7710 
14.0968 
14.4226 
14.7484 
15.0742 
15.4000 
15.7258 
16.0516 
16.3774 
16.7032 
17.0290 
17.3548 
17.6806 
18.0064 
18.3322 
18.6580 
VARIANCE 
ABOUT 
SUBTRUE 
o.oooo 
0. (l()OO 
0.0000 
0.0000 
0.0000 
3.3359 
3.6853 
3.9257 
3.5553 
2.9338 
3.1912 
3.2001 
2.6065 
2.8799 
2.3027 
2.4574 
2.1937 
1.5286 
1.7913 
1. 3341 
1.3378 
AVERAGE OF ALL OBS SCR 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
13.6000 
13.9326 
14.4300 
14.6155 
14.8698 
15.3752 
15.7999 
15.9101 
16.1126 
16.6075 
16.9750 
17.3376 
17.7050 
17.9697 
18.3170 
18.6375 
16.6149 
70 7. 
383058 95.765 /. 
16938 4.235 F. 
======= 
399996 
90 /. 
129177 32.295 7. 
270819 
======= 
399996 
VARIANCE 
ABOUT 
OBS SCR 
0.0000 
0.0000 
o.oooo 
o.oooo 
o.oooo 
3.5429 
3.6999 
3.9354 
3.5399 
2.8927 
3.1909 
3.1947 
2.5866 
2.8098 
2.2936 
2.4545 
2.1935 
1.5281 
1.7902 
1.3344 
1.3415 
TOTAL N = 
67.705 ~~ 
N 
0 
0 
0 
0 
0 
15 
89 
407 
1,545 
4,802 
12,328 
26,147 
45,757 
65,704 
76,655 
71,545 
52,167 
28,641 
11,139 
2,735 
320 
399,996 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 0.4985 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 2.4521 
VARIANCE 3 <TOTAL ERROR SCORE> = 2.9504 
179 
0.4458 
2.4691 
2.9582 
DOMAIN 7 c::> / 3 c::> 
STUDENT NUMBER 19 PROBABILITY EASY 0.9391 
TRUE SCORE 16.9364 PROBABILITY HARD 0.6315 
CUT SCORE 60 Y. 70 i. 
PASS 399235 99.809 i. 388996 97.249 i. 
FAIL 764 0.191 i. 11003 2.751 i. 
======= ======= 
TOTAL 399999 399999 
CUT SCORE 80 ., 90 Y. ,. 
PASS 328755 82.189 Y. 155651 38.913 i. 
FAIL 71244 17.811 7. 244348 61.087 i. 
======= ======= 
TOTAL 399999 399999 
EASY SUB TRUE VARIANCE AVERAGE VARIANCE N 
HARD SCORE ABOUT OBSERVED ABOUT 
SUBTRUE SCORE OBS SCR 
0:20 12.6300 0.0000 0.0000 0.0000 0 
1:19 12.9376 0.0000 0.0000 0.0000 0 
2:18 13.2452 o.oooo 0.0000 0.0000 0 
3:17 13.5528 0.0000 0.0000 o.oooo 0 
4:16 13.8604 0.0000 0.0000 0.0000 0 .. 
5:15 14.1680 2.5517 14.1429 2.7473 14 
6:14 14.4756 3.7517 14.5227 3.7926 88 
-,. 1 ~ 
, .... ~-- 14.7832 3.1994 14.6789 3.1964 408 
8:12 15.0908 3.3490 15.2027 3.3387 1,544 
9:11 15.3984 3.3355 15.4825 3.3291 4,802 
10:10 15.7060 2.7800 15.6150 2.7720 12,326 
11: 9 16.0136 2.9213 16.1401 2.9054 26,148 
1'"'· ...... 8 16.3212 2.7167 16.3724 2.7141 45,759 
13: 7 16.6288 2.4903 16.5825 2.4882 65,704 
14: 6 16.9364 2.0922 16.9275 2.0922 76,656 
15: 5 17.2440 1.9151 17.3525 1. 9033 71,546 
16: 4 17.5516 1.8826 17.4025 1.8604 52,168 
17: ~ 17.8592 1.7713 17.9074 1. 7691 28,641 ._. 
18: 2 18.1668 1.5972 18.1696 1.5973 11,139 
19: 1 18.4744 1.2289 18.4965 1.2289 2,737 
20: 0 18.7820 1.1275 18.8527 1.1260 319 
AVERAGE OF ALL OBS SCR 16.9435 TOTAL N = 399,999 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 0.3847 0.3973 
VARIANCE ...., <PERSON X ITEM, MEAS. ..... ERROR> = 2.2161 I"") ,.,,.,-=!'~ "'-. 4.4·-·--· 
VARIANCE ~ <TOTAL ERROR SCORE) = 2.6006 2.6007 
·-· 
180 
DOMAIN 70./30 
STUDENT NUMBER 20 PROBABILITY EASY 0.9454 
TRUE SCORE 17.1824 PROBABILITY HARD 0.6578 
CUT SCORE 60 7. 70 7. 
PASS 399502 99.876 7. 394457 98.615 7. 
FAIL 496 0.124 7. 5541 1.385 7. 
======= ======= 
TOTAL 399998 399998 
CUT SCORE 80 7. 90 7. 
PASS 342528 85.632 ., 183717 45.929 ., ,. ,. 
FAIL 57470 14.368 7. 216281 54.071 7. 
======= ======= 
TOTAL 399998 399998 
EASY SUB TRUE VARIANCE AVERAGE VARIANCE N 
HARD SCORE ABOUT OBSERVED ABOUT 
SUB TRUE SCORE CBS SCR 
0:20 13.1560 0.0000 0.0000 0.0000 
1:19 13.4436 0.0000 0.0000 0.0000 
2:18 13.7312 0.0000 0.0000 o.oooo 
3:17 14.0188 o.oooo 0.0000 0.0000 
4:16 14.3064 0.0000 0.0000 0.0000 
5:15 14.5940 2.8925 14.9286 2.9945 
6:14 14.8816 3.3247 14.9205 3.3614 
7:13 15.1692 3.2721 15.2414 3.2749 
8:12 15.4568 3.2306 15.5619 3.2217 
9:11 15.7444 2.5752 15.8449 2.5656 
10:10 16.0320 2. 7533 16.0874 2.7505 
11: 9 16.3196 2.7086 16.3100 2.7086 
1'""-"-. 8 16.6072 2.7620 16.5877 2.7617 
1 ~- "7 16.8948 2.0567 16.7776 2.0430 .4_ .. , 
14: 6 17.1824 1.8591 17.2375 1. 8561 
15: 5 17.4700 1.7350 17.4850 1.7348 
16: 4 17.7576 1.7943 17.7274 1.7934 
17: 3 18.0452 1.5933 18.0951 1.5909 
18: 2 18.3328 1.2466 18.3147 1.2464 
19: 1 18.6204 1.2829 18.5679 1.2806 
20: 0 18.9080 0.9969 18.9028 1.0000 
AVERAGE OF ALL CBS SCR 17.1757 TOTAL N = 
CENTERED AROUND: AVERAGE 
VARIANCE 1 <ITEM EFFECT ERROR> = 0.3573 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 2.0188 
VARIANCE ~ <TOTAL ERROR SCORE> = 2.3761 -..J' 
181 
0 
0 
0 
0 
0 
14 
88 
406 
1,543 
4,802 
12,328 
26, 148 
45,759 
65,705 
76,656 
71,544 
52,170 
28,642 
11,139 
2!'735 
319 
399,998 
TRUE 
0.3473 
2.0223 
2.3761 
• 
DOMAIN 
STUDENT NUMBER 
TRUE SCORE 
CUT SCORE 60 
F·ASS 399681 
FAIL 315 
======= 
TOTAL 399996 
CUT SCORE 80 
PASS 
FAIL 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
355629 
44367 
======= 
399996 
SUBTRUE 
SCORE 
13.7440 
14.0087 
14.2734 
14.5381 
14.8028 
15.0675 
15.3322 
15.5969 
15.8616 
16.1263 
16.3910 
16.6557 
16.9204 
17.1851 
17.4498 
17.7145 
17.9792 
18.2439 
18.5086 
18.7733 
19.0380 
21 
17.4498 
., 
,. 
99.921 7. 
0.079 /. 
7. 
88.908 /. 
11.092 'l. 
VARIANCE 
ABOUT 
SUBTRUE 
0.0000 
0.0000 
o.oooo 
0.0000 
0.0000 
2.7999 
2.9947 
2.9044 
3.0165 
2.8056 
2.8677 
2.4232 
2.5403 
2.0332 
1.9175 
1.7809 
1.5570 
1.5063 
1. 1186 
1. 0916 
0.8385 
AVERAGE OF ALL O.BS SCR 
70/3<:> 
F·ROBAB I L I TY 
PROBABILITY 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
14.9286 
15.2791 
15.6708 
15.6766 
16.1149 
16.2722 
16.6301 
16.8350 
17.1650 
17.4500 
17.6400 
18.0400 
18.2175 
18.5925 
18.8000 
19.0875 
17.4259 
70 
396144 
3852 
======= 
399996 
90 
207069 
192927 
====== 
399996 
VARIANCE 
ABOUT 
OBS SCR 
0.0000 
0.0000 
0.0000 
0.0000 
o.oooo 
2.9945 
3.0271 
2.9061 
2.9842 
2.8060 
2.8538 
2.4226 
2.5331 
2.0329 
1. 9175 
1. 7754 
1.5533 
1. 5057 
1.1116 
1.0913 
0.8387 
TOTAL N = 
EASY 0.9519 
HARD 0.6872 
4 
99.037 /. 
0.963 7. 
/. 
51.768 'l. 
48.232 'l. 
N 
0 
0 
0 
0 
0 
14 
86 
407 
1,543 
4,803 
12,327 
26,147 
45,759 
65,705 
76,656 
71,545 
52, 168 
28,642 
11,139 
2,735 
320 
399,996 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 0.3257 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 1.9535 
VARIANCE 3 <TOTAL ERROR SCORE) = 2.2791 
182 
0.2942 
1.9566 
2.2797 
DOMAIN 70/3(::> 
STUDENT NUMBER 22 . PROBABILITY EASY 0.9588 
TRUE SCORE 17.7486 PROBABILITY HARD 0.7209 
CUT SCORE 60 7. 70 7. 
PASS 399923 99.982 ., 397536 99.385 7. ,. 
FAIL 74 0.019 7. 2461 0.615 7. 
======== ======= 
TOTAL 399997 399997 
CUT SCORE 80 7. 90 7. 
PASS 375946 93 .. 987 7. 242423 60.606 7. 
FAIL 24051 6.013 7. 157574 39.394 7. 
======= ======= 
TOTAL 399997 399997 
EASY SUB TRUE VARIANCE AVERAGE VARIANCE N 
HARD SCORE ABOUT OBSERVED ABOUT 
SUB TRUE SCORE CBS SCR 
0:20 14.4180 o.oooo 0.0000 0.0000 0 
1:19 14.6559 o.oooo 0.0000 0.0000 0 
2:18 14.8938 0.0000 0.0000 0.0000 0 
3:17 15.1317 o.oooo 0.0000 0.0000 0 
4:16 15.3696 o.oooo 0.0000 o.oooo 0 
5:15 15.6075 2.2308 15.6429 2.4011 14 
6:14 15.8454 2.8715 15.8046 2.9032 87 
7· 1 "'!" ._.._. 16.0833 2.7524 16.1084 2.7586 406 
a··., ......... 16.3212 2.6052 16.3426 2 .. 6065 1,544 
9:!.1 16.5591 2.4389 16.5728 2.4393 4,803 
10:10 16.7970 2.3235 17.0046 2.2806 12,327 
11: 9 17.0349 2.7186 16.9877 2.7164 26,147 
1..,· 
-"• a 17.2728 2.2186 17.2950 2.2182 45,760 
13: 7 17.5107 1.7708 17.4700 1. 7692 65,705 
14: 6 17.7486 1. 7148 17.6850 1. 7108 76,655 
15: 5 17.9865 1.5354 18.0975 1. 5231 71 '546 
16: 4 18.2244 1.3828 18.1950 1.3819 52,168 
17: -.~ 18.4623 1.2502 18.4825 1. 2499 28,642 
18: ..., 18.7002 1.1613 18.6975 1.1613 11,138 ..... 
19: 1 18.9381 0.9370 18.9002 0.9359 2,736 
20: 0 19.1760 0.7932 19.1411 0.7945 319 
AVERAGE OF ALL CBS SCR 17.7530 TOTAL N = 399,997 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 
VARIANCE 3 <TOTAL ERROR SCORE> = 
183 
0.2419 
1. 7445 
1.9863 
0.2377 
1. 7493 
1. 9863 
DOMAIN 70./3<~ 
STUDENT NUME:ER 
TRUE SCORE 
23 F'ROBAB I L I TY EASY 0.9665 
18.1054 PROBABILITY HARD 0.7624 
CUT SCORE 60 
PASS 399981 
FAIL 12 
======== 
TOTAL 399993 
CUT SCORE 80 
F'ASS 
FAIL 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: ~ 
·-· 
18: 2 
19: 1 
20: 0 
385991 
14002 
======= 
399993 
SUBTRUE 
SCORE 
15.2480 
15.4521 
15.6562 
15.8603 
16.0644 
16.2685 
16.4726 
16.6767 
16.8808 
17.0849 
17.2890 
17.4931 
17.6972 
17.9013 
18.1054 
18.3095 
18.5136 
18.7177 
18.9218 
19.1259 
19.3300 
Y. 
99.997 % 
0.003 Y. 
., 
,. 
96.499 Y. 
3.501 F. 
VARIANCE 
ABOUT 
SUB TRUE 
0.0000 
0.0000 
o.oooo 
o.oooo· 
0.0000 
1.8599 
2.5555 
2.5576 
2.3596 
2.37:!.3 
2.1912 
1.9956 
1.9614 
1.6698 
1. 2472 
1.5829 
1.0277 
1.0144 
0.8814 
0.6769 
0.7065 
AVERAGE OF ALL CBS SCR 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
o.oooo 
0.0000 
0.0000 
0.0000 
16.5385 
16.6705 
16.6634 
16.8801 
17.1049 
17.2452 
17.5526 
17.7976 
17.9500 
18.1725 
18.3075 
18.5925 
18.7825 
18.9524 
19.2150 
19.3009 
18.1566 
CENTERED AROUND: 
VARIANCE 1 <ITEM EFFECT ERROR> 
70 
399579 
414 
======= 
399993 
90 
290232 
109761 
======= 
399993 
VARIANCE 
ABOUT 
CBS SCR 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
1. 9359 
2.5453 
2.5638 
2.3611 
2.3734 
2.1895 
1.9921 
1. 9513 
1.6674 
1.2427 
1.5829 
1. 0215 
1.0103 
0.8806 
0.6692 
0.7079 
TOTAL N = 
/. 
99.897 7. 
0.104 7. 
., 
,. 
72.559 F. 
27.441 F. 
N 
0 
0 
0 
0 
0 
13 
88 
407 
1,543 
4,803 
12,326 
26,148 
45,759 
65,704 
76!1655 
71' 546 
52,168 
28,641 
11,138 
2,735 
319 
399!1993 
AVERAGE TRUE 
= 0.1769 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 1. 4922 
0.1749 
1.4960 
1. 6716 VARIANCE ~ <TOTAL ERROR SCORE> = 1. 6690 ..... 
184 
DOMAXN 70/3C> 
STUDENT NUMBER 24 Pf\'CBABILITY 
TRUE SCORE 18.5774 PROBABILITY 
CUT SCORE 60 
PASS 400000 
FAIL 0 
======= 
TOTAL 400000 
CUT SCORE so 
PASS 
FAIL 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:1:5 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
394628 
5372 
======= 
400000 
SUB TRUE 
SCORE 
16.3780 
16.5351 
16.6922 
16.8493 
17.0064 
17.1635 
17.3206 
17.4777 
17.6348 
17.7919 
17.9490 
18.1061 
18.2632 
18.4203 
18.5774 
18.7345 
18.8916 
19.0487 
19.2058 
19.3629 
19.5200 
7. 
100.000 7. 
0.000 ., ,. 
7. 
98.657 7. 
1.343 7. 
VARIANCE 
ABOUT 
SUBTRUE 
0.0000 
0.0000 
0.0000 
0.0000 
o.oooo 
1.4128 
2.0697 
2.0638 
1.9330 
1. 7640 
1. 5716 
1.6189 
1.3422 
1. 2272 
1.3026 
1. 1271 
1.0396 
0.8780 
0.7224 
0.6017 
0.4620 
AVERAGE OF ALL CBS SCR 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
0.0000 
0.0000 
0.0000 
17.0000 
17.2308 
17.3563 
17.5892 
17.5900 
17.7751 
18.0900 
18.1299 
18.2601 
18.3800 
18.4900 
18.6875 
18.8175 
19.0450 
19.1524 
19.3596 
19.5219 
18.5395 
70 
399979 
21 
======= 
400000 
90 
331354 
68646 
======= 
400000 
VARIANCE 
AS OUT 
OBS SCR 
o.oooo 
0.0000 
o.oooo 
0.0000 
0.0000 
1.5256 
2.0925 
2.0564 
1.9323 
1. 7641 
1.5518 
1.6184 
1.3422 
1.2255 
1.2950 
1.1249 
1.0341 
0.8780 
0.7196 
0.6019 
0.4635 
TOTAL N = 
EAS'( 0.9760 
HARD 0.8199 
7. 
99.99:5 7. 
0.005 7. 
7. 
82.839 ., ,. 
17.162 7. 
N 
0 
0 
0 
0 
1 
13 
87 
409 
1,544 
4,803 
12,327 
26,148 
45,758 
65,704 
76,656 
71,546 
52,168 
28,641 
11,139 
2,736 
320 
400,000 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 0.0907 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 1.2113 
VARIANCE 3 <TOTAL ERROR SCORE> = 1.3020 
185 
0.1036 
1.2149 
1. 3034 
DOMA::IN 
STUDENT NUMBER 
TRUE SCORE 
CUT SCORE 
PASS 399997 
FAIL 0 
======= 
TOTAL 399997 
CUT SCORE 
PASS 399997 
FAIL 0 
======= 
TOTAL 399997 
25 
19.5376 
60 ;. 
100.000 ;. 
o.ooo ;. 
80 ;. 
100.000 ;. 
0.000 ;. 
70/30 
PROBABILITY EASY 0.9929 
PROBABILITY HARD 0.9395 
399997 
0 
====== 
399997 
395824 
4173 
======= 
399997 
70 ;. 
100.000 ;. 
0.000 ;. 
90 ;. 
98.957 ;. 
1.043 'Y. 
EASY 
HARD 
SUBTRUE VARIANCE AVERAGE VARIANCE 
ABOUT 
085 SCR 
N 
SCORE ABOUT OBSERVED 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
18.7900 
18.8434 
18.8968 
18.9502 
19.0036 
19.0570 
19.1104 
19.1638 
19.2172 
19.2706 
19.3240 
19.3774 
19.4308 
19.4842 
19.5376 
19.5910 
19.6444 
19.6978 
19.7512 
19: 1 19.8046 
20: 0 19.8580 
SUBTRUE SCORE 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
o.oooo 0.0000 
0.4964' 19.5000 
0.8032 19.0000 
0.8419 19.1023 
0.7963 19.2162 
0.7502 19.2003 
0.6432 19.2401 
0.5971 19.3325 
0.5731 19.4100 
0.5301 19.4300 
0.5007 19.5150 
0.4270 19.5600 
0.4201 19.6000 
0.3225 19.6675 
0.2442 19.7400 
0.2474 19.7301 
0.2178 19.7952 
0.1360 19.8558 
AVERAGE OF ALL OBS SCR 19.5559 
CENTERED AROUND: 
VARIANCE 1 <ITEM EFFECT ERROR> 
0.0000 
0.0000 
0.0000 
0.0000 
0.5000 
0.8571 
0.8515 
0.7955 
0.7504 
0.6424 
0.5971 
0.5720 
0.5301 
0.4998 
0.4265 
0.4200 
0.3220 
0.2424 
0.2470 
0.2178 
0.1364 
TOTAL N = 
AVERAGE 
= 0.0126 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR) = 0.4348 
VARIANCE ""!" <TOTAL ERROR SCORE> = 0.4474 •J 
186 
0 
0 
0 
0 
2 
15 
88 
407 
1,543 
4,802 
12,326 
26,149 
45!1759 
65,704 
76,655 
71!1545 
52,169 
28,642 
11,137 
2,735 
319 
399,997 
TRUE 
0.0120 
0.4354 
0.4477 
DOMAXN 90/:t.O 
STUDENT NUMBER 1 PROBABILITY EASY 0.3672 
TRUE SCORE 6.7306 PROBABILITY HARD 0.0605 
CUT SCORE 60 /. 70 7.. 
PASS 5097 1.274 /. 0 0.000 /. 
FAIL 394904 98.726 7.. 400001 100.000 ., ,. 
====== ======= 
TOTAL 400001 400001 
CUT SCORE 80 /. 90 /. 
PASS 0 o.ooo /. 0 o.ooo 7.. 
FAIL 400001 100.000 7.. 400001 100.000 7.. 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
======= 
400001 
SUBTRUE 
SCORE 
1.2100 
1.5167 
1.8234 
2. 1301 
2.4368 
2.7435 
3.0502 
3.3569 
3.6636 
3.9703 
4.2770 
4.5837 
4.8904 
5.1971 
5.5038 
5.8105 
6.1172 
6.4239 
6.7306 
7.0373 
7.3440 
VARIANCE 
ABOUT 
SUB TRUE 
o.oooo 
0.0000 
o.oooo 
0~0000 
0.0000 
0.0000 
o.oooo 
0.0000 
0.0000 
0.0000 
0.0000 
3.0904 
3.2219 
3.6278 
3.4605 
3.9512 
3.7563 
4.2656 
4.5363 
4.2980 
4.6357 
AVERAGE OF ALL CBS SCR 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
0.0000 
0.0000 
o.oooo 
0.0000 
0.0000 
0.0000 
o.oooo 
o.oooo 
0.0000 
4.0000 
4.4091 
4.9220 
5.2785 
5.6356 
5.8400 
6.1075 
6.6325 
6.5151 
7.0450 
7.3600 
6.7142 
======= 
400001 
VARIANCE 
ABOUT 
CBS SCR 
0.0000 
0.0000 
0.0000 
0.0000 
o.oooo 
0.0000 
0.0000 
o.oooo 
o.oooo 
0.0000 
o.oooo 
3.2056 
3.2439 
3.6258 
3.4441 
3.9507 
3.7563 
4.2222 
4.4899 
4.2980 
4.6355 
TOTAL N = 
CENTERED AROUND: AVERAGE 
VARIANCE 1 <ITEM EFFECT ERROR> = 0.1661 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 4.3103 
VARIANCE 3 <TOTAL ERROR SCORE> = 4.4763 
187 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
22 
141 
790 
3,546 
12,769 
35,912 
76,047 
114,073 
108,069 
48,631 
400,001 
TRUE 
0.1693 
4.3320 
4.4766 
DOMAl:N 90./10 
STUDENT ~UMBER 2 PROBABILITY 
TRUE SCORE 12.3430 PROBABILITY 
CUT SCORE 60 
PASS 262114 
FAIL 137882 
====== 
TOTAL 399996 
CUT SCORE so 
PASS 
FAIL 
TOTAL 
EASY 
HARD· 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8·1~ -~~ 
9:11 
10:10 
11: 9 
1"'· ..... 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: "'!" 
-· 18: 2 
19: 1 
20: 0 
24643 
375353 
======= 
399996 
SUBTRUE 
SCORE 
3.6220 
4.1065 
4.5910 
5.0755 
5.5600 
6.0445 
6.5290 
7.0135 
7.4980 
7.9825 
8.4670 
8.9515 
9.4360 
9.9205 
10.4050 
10.8895 
11.3740 
11.8585 
12.3430 
12.8275 
13.3120 
'Y. 
65.529 ., ,. 
34.471 /. 
/. 
6.161 /. 
93.839 ., ,. 
VARIANCE 
ABOUT 
SUB TRUE 
o.oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
o.oooo 
o.oooo 
o.oooo 
0.0000 
4.0884 
3.8726 
4.0823 
4.1182 
3.9725 
4.0504 
4.0636 
4.8565 
4.7296 
4.2395 
AVERAGE OF ALL CBS SCR 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
o.oooo 
0.0000 
0.0000 
0.0000 
0.0000 
8.0000 
8.9048 
9.3803 
9.9518 
10.3643 
10.8724 
11.3575 
12.1200 
12.3300 
12.7025 
13.1251 
12.3302 
70 
125748 
274248 
======= 
399996 
90 
1687 
398309 
======= 
399996 
VARIANCE 
ABOUT 
CBS SCR 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
4.2905 
3.8969 
4.0865 
4.1177 
3.9725 
4.0502 
3.9953 
4.8563 
4.7140 
4.2047 
TOTAL N = 
EASY 0.6656 
HARD 0.1811 
/. 
31.437 /. 
68.563 /. 
/. 
0.422 /. 
99.578 7. 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
21 
142 
789 
3,547 
12,768 
35,911 
76,046 
114,072 
108,068 
48,631 
399,996 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 0.3246 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 4.4659 
VARIANCE 3 <TOTAL ERROR SCORE> = 4.7905 
188 
0.4225 
4.4874 
4.7906 
DOMAIN 90/10 
STUDENT NUMBER 
TRUE SCORE 
3 
13.7448 
PROBABILITY EASY 0.7372 
PROBABILITY HARD 0.2376 
CUT SCORE 60 7. 
PASS 346777 86.695 7. 
FAIL 53221 13.305 7. 
====== 
TOTAL 399998 
CUT SCORE 80 7. 
PASS 79566 19.892 7. 
FAIL 320432 80.108 7. 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 9 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
======= 
399998 
SUBTRUE 
SCORE 
4.7520 
5.2516 
5.7512 
6.2508 
6.7504 
7.2500 
7.7496 
8.2492 
8.7488 
9.~484 
9.7480 
10.2476 
10.7472 
11.2468 
11.7464 
12.2460 
12.7456 
13.2452 
13.7448 
14.2444 
14.7440 
VARIANCE 
ABOUT 
SUB TRUE 
0.0000 
0.0000 
o.oooo 
0. CLOOO 
0.0000 
0.0000 
o.oooo 
0.0000 
o.oooo 
o.oooo 
o.oooo 
2.8623 
3.7946 
3.5894 
3.9297 
3.9221 
3.8868 
3.4849 
3.6889 
3.2028 
3.9037 
AVERAGE OF ALL CBS SCR 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
0.0000 
0.0000 
o.oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
10.0000 
10.2000 
10.6901 
11.2003 
11.7458 
12.1002 
12.7125 
13.2549 
13.7575 
14.3975 
14.9200 
13.7932 
70 i. 
231640 57.910 7. 
168358 42.090 7. 
======= 
399998 
90 7. 
9525 2.381 7. 
390473 97.619 7. 
====== 
399999 
VARIANCE 
ABOUT 
CBS SCR 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
o.oooo 
0.0000 
0.0000 
0.0000 
3.0105 
3.8182 
3.5918 
3.9308 
3.9011 
3.8858 
3.4848 
3.6888 
3.1794 
3.8980 
TOTAL N = 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
20 
142 
789 
3,548 
12,769 
35,912 
76,047 
114,073 
108,066 
48!1631 
399,998 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 0.5332 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 3.5642 
VARIANCE 3 <TOTAL ERROR SCORE> = 4.0974 
189 
0.4492 
3.5720 
4.0997 
DOMAIN 
STUDENT NUMBER 
TRUE SCORE 
CUT SCORE 
PASS 372540 
FAIL 27457 
======= 
TOTAL 399997 
CUT SCORE 
PASS 137439 
FAIL 262558 
-------
TOTAL 399997 
60 
80 
4 
14.5442 
7. 
93.136 7. 
6.864 7. 
7. 
34.360 7. 
65.640 ., ,. 
90./10 
PROBABILITY EASY 0.7770 
PROBABILITY HARD 0.2791 
70 7. 
292205 73.052 7. 
107792 26.948 7. 
======= 
399997 
24483 
375514 
======= 
399997 
90 7. 
6.121 7. 
93.879 7. 
EASY SUSTRUE VARIANCE AVERAGE VARIANCE 
ABOUT 
CBS SC~ 
N 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
1""'· ...... 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
AVERAGE 
SCORE ABOUT OBSERVED 
SUB TRUE SCORE 
5.5820 0.0000 0.0000 
6.0799 0.0000 0.0000 
6.5779 0.0000 0.0000 
7.0757 0.0000 0.0000 
7.5736 o. 0()00 0.0000 
8.0715 o.oooo 0.0000 
8.5694 0.0000 o.oooo 
9.0673 0.0000 0.0000 
9.5652 o.oooo 0.0000 
10.0631 0.0000 0.0000 
10.5610 o.oooo 0.0000 
11.0589 3.0681 11.3000 
11.5568 3.3901 11.5352 
12.0547 3.6145 12.0875 
12.5526 3.6474 12.5341 
13.0505 3.8925 13.0826 
13.5484 3.5514 13.6125 
14.0463 3.3617 14.2200 
14.5442 3.2838 14.6500 
15.0421 3.7951 15.1076 
15.5400 3.4806 15.5199 
OF ALL OBS SCR 14.6294 
CENTERED AROUND: 
<ITEM EFFECT ERROR> 
0.0000 
0.0000 
o.oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
3.1684 
3.4136 
3.6180 
3.6481 
3.8917 
3.5473 
3.3316 
3.2726 
3.7909 
3.4803 
TOTAL N = 
AVERAGE 
= VARIANCE 1 
VARIANCE 2 
VARIANCE 3 
<PERSON X ITEM, MEAS. ERROR> = 
<TOTAL ERROR SCORE> = 
0.4150 
3.4976 
3.9125 
190 
0 
0 
0 
0 
0 
0 
o· 
0 
0 
0 
0 
20 
142 
789 
3,546 
12,769 
35,911 
76,048 
114,073 
108,067 
48,632 
399,997 
TRUE 
0.4461 
3.5080 
3.9197 
DOMAIN 90./10 
STUDENT NUMBER 5 PROBABILITY EASY 0.8038 
TRUE SCORE 15.0940 PROBABILITY HARD 0.3128 
CUT SCORE 60 % 70 % 
PASS 383145 95.787 ., ,. 318667 79.667 ., ,. 
FAIL 16853 4.213 F. 81331 20.333 % 
===== ====== 
TOTAL 399998 399998 
CUT SCORE so % 90 % 
PASS 168642 42.161 ·~ 36779 9.195 % ,.
FAIL 231356 57.839 % 363219 90.805 % 
======= ======= 
TOTAL 399998 399998 
EASY SUBTRUE VARIANCE AVERAGE VARIANCE N 
HARD SCORE ABOUT OBSERVED ABOUT 
SUBTRUE SCORE OBS SCR 
0:20 6.2560 o.oooo 0.0000 0.0000 0 
1:19 6.7470 0.0000 0.0000 0.0000 0 
2:18 7.2380 o.oooo 0.0000 0.0000 0 
3:17 7.7290 0.0000 0.0000 0.0000 0 
4:16 8.2200 0.0000 0.0000 0.0000 0 
5:15 8.7110 0.0000 0.0000 0.0000 0 
6:14 9.2020 0.0000 o.oooo o.oooo 0 
7:13 9.6930 0.0000 0.0000 0.0000 0 
8:12 10.1940 o.oooo 0.0000 o. 00()0 0 
9:11 10.6750 o.oooo 0.0000 0.0000 0 
10:10 11.1660 0.0000 12.0000 0.0000 1 
11: 9 11.6570 2.8087 11.6190 2.9476 21 
1""· ...... 8 12.1480 3.4706 12.1972 3.4928 142 
13: 7 12.6390 3.7939 12.6620 3.7982 790 
14: 6 13.1300 3.5496 13.0575 3.5453 3,546 
15: 5 13.6210 3.2705 13.5573 3.2667 12,768 
16: 4 14.1120 3.4055 14_.0877 3.4050 35,911 
17: 3 14.6030 3.6166 14.4200 3.5832 76,048 
18: 2 15.0940 3.2067 15.0775 3.2064 114,071 
19: 1 15.5850 2.8052 15.6000 2.8050 108,068 
20: 0 16.0760 3.4123 15.9725 3.4017 48,632 
AVERAGE OF ALL OBS SCR 15.0412 TOTAL N = 399,998 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 0.4650 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 3.2173 
VARIANCE 3 <TOTAL ERROR SCORE> = 3.6823 
191 
0.4339 
3.2253 
3.6851 
DOMAIN 90/l.O 
STUDENT NUMBER 6 PROBABILITY 
TRUE SCORE 15.5164 PROBABILITY 
CUT SCORE 60 
PASS 391991 
FAIL. 8005 
======= 
TOTAL. 399996 
CUT SCORE 80 
PASS 
FAIL. 
TOTAL. 
EASY 
HARD 
0:20 
1.:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
206625 
193371 
======= 
399996 
SUB TRUE 
SCORE 
6.8440 
7.3258 
7.8076 
8.2894 
8.7712 
9.2530 
9.7348 
10.2166 
10.6984 
11.1802 
11.6620 
12.1438 
12.6256 
13.1074 
13.5992 
14.0710 
14.5529 
15.0346 
15.5164 
15.9992 
16.4800 
., 
,. 
97.999 'Y. 
2.001 ., ,. 
'Y. 
51.657 7. 
48.343 7. 
VARIANCE 
ABOUT 
SUB TRUE 
o.oooo 
o.oooo 
0.0000 
0.0000 
o.oooo 
o.oooo 
0.0000 
o.oooo 
o.oooo 
0.0000 
0.0000 
3.0005 
3.6267 
3.6291 
3.5913 
3.6712 
2.7675 
2.8770 
3.0117 
3.2196 
3.0175 
AVERAGE OF ALL. OBS SCR 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
0.0000 
o.oooo 
0.0000 
0.0000 
0.0000 
o.oooo 
0.0000 
o.oooo 
0.0000 
11.0000 
11.9048 
12.4468 
13.0839 
13.5781 
14.1826 
14.5501 
15.0600 
15.6025 
15.8950 
16.4249 
15.5143 
70 
344420 
55576 
======= 
399996 
90 
56057 
343939 
======= 
399996 
VARIANCE 
ABOUT 
CBS SCR 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
o.oooo 
o.oooo 
0.0000 
o.oooo 
0.0000 
0.0000 
3.0905 
3.6.204 
3.6321 
3.5922 
3.6591 
2.7676 
2.9764 
3.0044 
3.2090 
3.0145 
TOTAL N = 
EASY 0.8240 
HARD 0.3422 
7. 
86.106 'Y. 
13.894 'Y. 
i. 
14.014 7. 
85.986 'Y. 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
21 
141 
789 
3,548 
12,768 
35,912 
76,048 
114,071 
108,066 
48,632 
399,996 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 0.3705 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 3.0429 
VARIANCE 3 <TOTAL. ERROR SCORE> = 3.4133 
192 
0.4177 
3.0487 
3.4133 
DOMAIN 90/10 
STUDENT NUMBER 7 PROBABILITY 
TRUE SCORE 15.8570 PROBABILITY 
CUT SCORE 60 
PASS 395784 
FAIL 4217 
====== 
TOTAL 400001 
CUT SCORE so 
PASS 
FAIL 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2: 18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
236978 
163023 
======= 
400001 
SUB TRUE 
SCORE 
7.3700 
7.8415 
8.3130 
8.7945 
9.2560 
9.7275 
10.1990 
10.6705 
11.1420 
11.6135 
12.0850 
12.5565 
13.0280 
13.4995 
13.9710 
14.4425 
14.9140 
15.3855 
15.8570 
16.3285 
16.8000 
7. 
98.946 /. 
1.054 /. 
., 
,. 
59.244 /. 
40.756 ., ,. 
VARIANCE 
ABOUT 
SUBTRUE 
0.0000 
o.oooo 
o.oooo 
o.oooo 
0.0"000 
o.oooo 
o.oooo 
0.0000 
0.0000 
0.0000 
o.oooo 
2.9562 
3.4989 
3.4276 
3.4627 
3.4826 
3.0345 
2.6175 
2.9597 
2.7304 
2.9794 
AVERAGE OF ALL OBS SCR 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
o.oooo 
0.0000 
0.0000 
0.0000 
o.oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
12.4348 
12.9720 
13.4124 
13.9157 
14.2327 
14.7625 
15.3675 
15.8750 
16.4300 
16.6599 
15.8481 
70 
358905 
41096 
===== 
400001 
90 
76601 
323400 
======= 
400001 
VARIANCE 
ABOUT 
OBS SCR 
0.0000 
0.0000 
o.oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
3.0751 
3.5203 
3.4243 
3.4606 
3.4388 
3.0117 
2.6173 
2.8594 
2.7201 
2.9598 
TOTAL N = 
EASY 0.8400 
HARD 0.3685 
/. 
89.726 7. 
10.274 /. 
/. 
19.150 7. 
80.850 Y. 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
143 
788 
3,546 
12,768 
35,914 
76,047 
114,072 
108,068 
48,632 
400,001 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 
VARIANCE 3 <TOTAL ERROR SCORE> = 
193 
0.4532 
2.9268 
3.2800 
0.4001 
2.8356 
3.2800 
DOMAIN 90/10 
STUDENT NUMBER 
TRUE SCORE 
8 
16.1489 
PROBABILITY EASY 0.8535 
PROBABILITY HARD 0.3929 
CUT SCORE 
PASS 397384 
FAIL 2616 
====== 
TOTAL 400000 
99.346 7. 
o. 654 ~~ 
CUT SCORE 80 7. 
PASS 265614 66.404 7. 
FAIL 134386 33.597 7. 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
======= 
400000 
SUBTRUE 
SCORE 
7.8580 
8.3186 
8.7792. 
9.2.398 
9.7004 
10.1610 
10.6216 
11. 082.2. 
11.5428 
12..0034 
12..4640 
12..92.46 
13.3852 
13.8458 
14.3064 
14.7670 
15.2.276 
15.6882. 
16.1488 
16.6094 
17.0700 
VARIANCE 
ABOUT 
SUB TRUE 
o.oooo 
o.oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.2513 
3.2535 
3.7504 
3.3121 
3.0054 
2.7812 
2.8896 
2.6956 
2.7137 
2.5111 
2.4316 
AVERAGE OF ALL OBS SCR 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
0.0000 
0.0000 
o.oooo 
0.0000 
o.oooo 
0.0000 
o.oooo 
o.oooo 
o.oooo 
12..5000 
13.1364 
13.3986 
13.9061 
14.2746 
14.7625 
15.1975 
15.7650 
16.2800 
16.5500 
17.0600 
16.1806 
CENTERED AROUND: 
VARIANCE 1 <ITEM EFFECT ERROR> 
70 /. 
374635 93.659 7. 
2.5365 6.341 7. 
====== 
4(l0000 
90 i. 
93537 23.384 /. 
3<)6463 76.616 7. 
======= 
400000 
VARIANCE 
ABOUT 
OBS SCR 
0.0000 
o.oooo 
o.oooo 
o.oooo 
o.oooo 
0.0000 
o.oooo 
0.0000 
0.0000 
o.oooo 
o.sooo 
3.3615 
3.7766 
3.3126 
3.0052 
2.7814 
2.8888 
2.6897 
2.6965 
2.5076 
2.4316 
TOTAL N = 
AVERAGE 
= 0.3633 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
22 
143 
788 
3,547 
12,768 
35,910 
76,047 
114,072 
108,069 
48,632 
400,000, 
TRUE 
0.3819 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 2..6363 2.6433 
VARIANCE ~ 
·-· 
<TOTAL ERROR SCORE> = 2..9995 3.0005 
194 
DOMAIN 90/1<~ 
STUDENT NUMBER 
TRUE SCORE 
9 
16.4018 
PROBABILITY 
PROBABILITY 
CUT SCORE 60 X 
PASS 399171 99.794 X 
FAIL 822 0.206 7. 
======= 
TOTAL 399993 
CUT SCORE 80 ~~ 
PASS 285908 71.479 X 
FAIL 114085 28.522 X 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: "":' 4 
19: 1 
20: 0 
======= 
399993 
SUB TRUE 
SCORE 
8.3180 
8.7671 
9.2162 
9.6653 
10.1144 
·to. 5635 
11.0126 
11.4617 
11.9108 
12.3599 
12.8090 
13.2581 
13.7072 
14.1563 
14.6054 
15.0545 
15.5036 
15.9527 
16.4018 
16.9509 
17.3000 
VARIANCE 
ABOUT 
SUB TRUE 
0.0000 
0.0000 
0.0000 
o.oooo 
0.0000 
o.oooo 
0.0000 
o.oooo 
0.0000 
o.oooo 
0.0000 
2.9359 
2.9524 
2.9284 
3.3554 
2.9001 
2.9058 
2.7657 
2.2749 
2.3988 
2.2888 
AVERAGE OF ALL CBS SCR 
AVERAGE 
• OBSERVED 
SCORE 
o.oooo 
o.oooo 
0.0000 
0.0000 
o.oooo 
0.0000 
o.oooo 
o.oooo 
0.0000 
0.0000 
13.0000 
13.3500 
13.6761 
14.0190 
14.5703 
15.1198 
15.4499 
15.9575 
16.4250 
16.8125 
17.3725 
16.4045 
70 
379352 
20641 
======= 
399993 
90 
112953 
287040 
======= 
399993 
VARIANCE 
ABOUT 
DBS SCR 
o.oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
3.0816 
2.9723 
2.9132 
3.3551 
2.8960 
2.9030 
2.7658 
2.2744 
2.3973 
2.2836 
TOTAL N = 
EASY 0.9650 
HARD 0.4159 
X 
94.840 X 
5.160 X 
X 
28.239 X 
71.761 7. 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
20 
142 
788 
3,.547 
12,.767 
35,911 
76,048 
114,.072 
108,067 
48,630 
399,.993 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 ( ITEM EFFECT ERROR) = 0. 3757 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR) = 2.4895 
VARIANCE 3 <TOTAL ERROR SCORE) = 2.8652 
195 
0.3629 
2. 4911 
2.8652 
DOMAIN 90/10 
STUDENT NUMBER 10 PROBABILITY EASY 0.8751 
TRUE SCORE 16.6272 PROBABILITY HARD 0.4377 
C~T SCORE 60 
PASS 398677 
FAIL 1325 
======= 
TOTAL 400002 
CUT SCORE so 
PASS 
FAIL 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
307348 
92b54 
======= 
400002 
SUB TRUE 
SCORE 
8.7540 
9.1914 
9.6288 
10.0662 
10.5036 
10.9410 
11.3784 
11.8158 
12.2532 
12.6906 
13.1280 
13.5654 
14.0028 
14.4402 
14.8776 
15.3150 
15.7524 
16.1898 
16.6272 
17.0646 
17.5020 
7. 
99.669 ., ,. 
0.331 7.. 
., 
,. 
76.837 /. 
23.163 7.. 
VARIANCE 
ABOUT 
SUBTRUE 
o.oooo 
o.oooo 
0.0000 
0.0000 
o.oot>o 
o.oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
3.0606 
3.5688 
3.0359 
2.7554 
2.9946 
2.5774 
2.6070 
2.6868 
2.4373 
2.0557 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
0.0000 
0.0000 
0. 00()0 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
13.0000 
13.5909 
13.7518 
14.3101 
14.9800 
15.2674 
16.0276 
16.3001 
16.6350 
17.0150 
17.3874 
AVERAGE OF ALL CBS SCR 16.6468 
CENTERED AROUND: 
VARIANCE 1 <ITEM EFFECT ERROR) 
70 
382501 
17501 
======= 
400002 
90 
132525 
267477 
======= 
400002 
VARIANCE 
ABOUT 
CBS SCR 
0.0000 
0.0000 
o.oooo 
0.0000 
0.0000 
0.0000 
o.oooo 
0.0000 
0.0000 
o.oooo 
o.oooo 
3.2056 
3.5308 
3.0228 
2.7457 
2.9926 
2.5017 
2.5949 
2.6868 
2.4349 
2.0426 
TOTAL N = 
7. 
95.625 7. 
4.375 7.. 
7. 
33.131 7. 
66.869 7.. 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
22 
141 
790 
3,546 
12,769 
35,912 
76,048 
114,072 
108,069 
48,632 
400,002 
AVERAGE TRUE 
= 0.2603 0.3443 
VARIANCE ..... <PERSON X ITEM, MEAS. ERROR> = 2.5176 2.5291 ..to 
VARIANCE 3 <TOTAL ERROR SCORE> = 2.7778 2.7782 
196 
DOMAIN 90./10 
STUDENT NUMBER 
TRUE SCORE 
11 
16.8334 
PROBABILITY EASY 0.8842 
PROBABILITY HARD 0.4589 
CUT SCORE 60. 7. 
PASS 399461 99.866 ;~ 
FAIL 538 0.135 7. 
======= 
TOTAL 399999 
CUT SCORE 80 ~~ 
PASS 324139 81.035 7. 
FAIL 75860 18.965 7. 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
======= . 
399999 
SUB TRUE 
SCORE 
9.1780 
9.6033 
10.0286 
10.4539 
10.8792 
11.3045 
11.7298 
12.1551 
12.5804 
13.0057 
13.4310 
13.8563 
14.2816 
14.7069 
15.1322 
15.5575 
15.9828 
16.4081 
16.8334 
17.2587 
17.6840 
VARIANCE 
ABOUT 
SUB TRUE 
o.oooo 
0.0000 
o.oooo 
0.0000 
0.0000 
0.0000 
o.oooo 
0.0000 
0.0000 
0.0000 
0.2548 
3.0344 
2.9946 
3.1428 
2.9569 
2.5271 
2.8702 
2.6040 
2.2794 
1. 9786 
2.0982 
AVERAGE OF ALL OBS SCR 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
0.0000 
0.0000 
0.0000 
o. 0()00 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
13.5000 
13.7000 
14.2254 
14.6506 
15.2556 
15.5549 
15.8400 
16.5025 
16.9525 
17.3350 
17.7199 
16.8984 
CENTERED AROUND: 
70 7. 
389879 97.470 7. 
10120 2.530 7. 
====== 
399999 
90 7. 
155157 38.789 7. 
244842 61.211 7. 
======= 
399999 
VARIANCE 
ABOUT 
OBS SCR 
0.0000 
0.0000 
o.oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.5000 
3.1684 
3.0127 
3.1436 
2.9425 
2.5273 
2.8499 
2.5951 
2.2653 
1.9728 
2.0970 
TOTAL N = 
AVERAGE 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
20 
142 
787 
3,548 
12,767 
35,913 
76,048 
114,072 
108,069 
48,631 
399,999 
TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 
VARIANCE 3 <TOTAL ERROR SCORE> = 
0.3594 
2.2974 
2.6567 
0.3255 
2.3067 
2.6609 
197 
DOMAIN 90/:1.0 
STUDENT NUMBER 
TRUE SCORE 
12 
17.0224 
PROBABILITY EASY 0.8924 
PROBABILITY HARD 0.4796 
CUT SCORE 60 7. 
PASS 399719 99.929 7. 
FAIL 283 0.071 7. 
======= 
TOTAL 400002 
CUT SCORE 80 7. 
PASS 334583 83.645 7. 
FAIL 65419 16.355 7. 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
======= 
400002 
SUB TRUE 
SCORE 
9.5920 
10.0048 
10.4176 
10.8304 
11.2432 
11.6560 
12.0688 
12.4816 
12.8944 
13.3072 
13.7200 
14.1328 
14.5456 
14.9584 
15.3712 
15.7840 
16.1968 
16.6096 
17.0224 
17.4352 
17.8480 
VARIANCE 
ABOUT 
SUB TRUE 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
o.oooo 
0.0000 
2.2178 
2.7527 
2.9897 
3.0342 
2.8123 
2.8074 
2.0240 
2.0395 
2.3934 
1. 9307 
AVERAGE OF ALL OBS SCR 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
o.oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
14.0000 
14.1429 
14.6853 
14.8099 
15.3826 
15.8598 
16.2199 
16.6050 
17.0775 
17.3400 
17.7450 
17.0033 
70 7. 
392065 98.016 7. 
7937 1 • 984 7. 
====== 
400002 
90 7. 
161347 40.337 7. 
238655 59.663 7. 
======= 
400002 
VARIANCE 
ABOUT 
CBS SCR 
0.0000 
0.0000 
o.oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
o.ocoo 
0.0000 
2.3286 
2.7524 
2.9714 
3.0349 
2.8067 
2.8070 
2.0240 
2.0365 
2.3844 
1. 9201 
TOTAL N = 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
21 
143 
789 
3,547 
12,770 
35,912 
76,048 
114,073 
108,068 
48,630 
400,002 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 0.2612 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 2.2187 
VARIANCE 3 <TOTAL ERROR SCORE> = 2.4799 
198 
0.3067 
2.2235 
2.4802 
DOMAIN 90/10 
STUDENT NUMBER 
TRUE SCORE . 
13 
17.2000 
PROBABILITY EASY 0.9000 
PF:OBAB I L I TY HARD 0. 5QOO 
CUT SCORE 60 /. 
PASS 399628 99.907 % 
FAIL 372 0.093 % 
===~== 
TOTAL 400000 
CUT SCORE 80 % 
PASS 341180 85.295 /. 
FAIL 58820 14.705% 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
======= 
400000 
SUBTRUE 
SCORE 
10.0000 
10.4000 
10.8000 
11.2000 
11.6000 
12.0000 
12.4000 
12.8000 
13.2000 
13.6000 
14.0000 
14.4000 
14.8000 
15.2000 
15.6000 
16.0000 
16.4000 
16.8000 
17.2000 
17.6000 
18.0000 
VARIANCE 
ABOUT 
SUBTRUE 
0.0000 
0.0000 
0.0000 
0.0000 
o.oooo 
0.0000 
o.oooo 
o.oooo 
0.0000 
0.0000 
0.0000 
2.4700 
3.0914 
2.6704 
2.7136 
2.6706 
2.6311 
2.1760 
2.2495 
2.0150 
1.8823 
AVERAGE OF ALL OBS SCR 
AVERAGE 
OBSERVED 
SCORE 
o.oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.000() 
o.oooo 
14.5500 
14.7292 
15.!888 
15.7376 
16.0052 
16.4550 
16.7150 
17.1325 
17.6500 
18.0175 
17.1865 
CENTERED AROUND: 
70 ;. 
393685 98.421 /. 
6315 1.579 /. 
====== 
400000 
90 /. 
185219 46.305 /. 
214781 53.695 /. 
======= 
400000 
VARIANCE 
ABOUT 
CBS SCR 
o.oooo 
o.oooo 
o.oooo 
o.oooo 
o.oooo 
0.0000 
o.oooo 
0.0000 
0.0000 
0.0000 
0.0000 
2.5763 
3.1080 
2.6737 
2.6954 
2.6708· 
2.6281 
2. 1688 
2.2450 
2.0125 
1.8820 
TOTAL N = 
AVERAGE 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
20 
144 
789 
3,548 
12,769 
35,912 
76.,049 
114.,071 
108,068 
48,630 
400,000 
TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 0.3067 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 2.1767 
VARIANCE 3 <TOTAL ERROR SCORE) = 2.4834 
0.2879 
2.1805 
2.4835 
199 
DOMAIN 90/10 
STUDENT NUMBER 14 PROBABILITY 
TRUE SCORE 17.3686 PROBABILITY 
CUT SCORE 60 
PASS 399969 
FAIL 31 
======= 
TOTAL 400000 
CUT SCORE 80 
PASS 
FAIL 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:1.2 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
356272 
43728 
======= 
400000 
SUB TRUE 
SCORE 
10.4080 
10.7947 
11.1814 
11.5681 
11.9548 
12.3415 
12.7282 
13.1149 
13.5016 
13.8883 
14.2750 
14.6617 
15.0484 
15.4351 
15.8218 
16.2085 
16.5952 
16.9819 
17.3686 
17.7553 
18.1420 
7. 
99.992 7. 
0.008 ., ,. 
., 
,. 
89.068 7. 
10.932 7. 
VARIANCE 
ABOUT 
SUB TRUE 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.3006 
3.0034 
3.2622 
2.7964 
2.7561 
2.6979 
2.6407 
2.2012 
2.0092 
1. 8090 
1.9552 
AVERAGE OF ALL OBS SCR 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
o.oooo 
0.0000 
14.5000 
14.5000 
15.0070 
15.4924 
15.7644 
16.1870 
16.5175 
17.0250 
17.4500 
17.8450 
18.2025 
17.4235 
70 
395082 
4918 
======= 
400000 
90 
203084 
196916 
======= 
4000(10 
VARIANCE 
ABOUT 
OBS SCR 
o.oooo 
0.0000 
0.0000 
o.oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.5000 
3.1190 
3.2836 
2.7966 
2.7536 
2.6977 
2.6347 
2.1994 
2.0025 
1.8009 
1. 9516 
TOTAL N = 
EASY 0.9071 
HARD 0.5204 
7. 
98.771 7. 
1.230 7. 
7. 
50.771 7. 
49 • .229 "I ,. 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
22 
142 
788 
3,548 
12,768 
35,912 
76,047 
114,072 
108,068 
48,631 
400,000 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 0.3090 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 2.0670 
VARIANCE 3 <TOTAL ERROR SCORE> = 2.3760 
200 
0.2692 
2.0724 
2.3790 
DOMAIN 90/10 
STUDENT NUMBER 15 PROBABILITY 
TRUE SCORE 17.5324 F'ROBAB I L I TY 
CUT SCORE 60 
PASS 399583 
FAIL 413 
======= 
TOTAL 399996 
CUT SCORE so 
PASS 
FAIL 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: a 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
366379 
33617 
======= 
399996 
SUBTRUE 
SCORE 
10.8220 
11.1948 
11.5676 
11.9404 
' 12.3132 
12.6860 
13.0588 
13.4316 
13.8044 
14.1772 
14.5500 
14.9228 
15.2956 
15.6684 
16.0412 
16.4140 
16.7868 
17.1596 
17.5324 
17.9052 
18.2780 
7. 
99.897 7. 
0.103 7. 
7. 
91.596 7. 
8.404 7. 
VARIANCE 
ABOUT 
SUB TRUE 
0.0000 
0.0000 
o.oooo 
0.0000 
0.0000 
o.oooo 
0.0000 
0.0000 
o. ()000 
o.oooo 
0.0000 
2.3791 
2.8956 
2.6574 
2.5371 
2.3353 
2.3797 
2.0594 
2.0039 
1.6633 
1.4550 
AVERAGE OF ALL OBS SCR 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
o.oooo 
0.0000 
0.0000 
0.0000 
0.0000 
15.1500 
15.2887 
15.6256 
15.9022 
16.4002 
16.8624 
17.2775 
17.4550 
17.9575 
18.2650 
17.5504 
70 
396402 
3594 
====== 
399996 
90 
220635 
179361 
======= 
399996 
VARIANCE 
ABOUT 
OBS SCR 
o.oooo 
0.0000 
0.0000 
0.0000 
o.oooo 
o.oooo 
o.oooo 
o.oooo 
0.0000 
0.0000 
0.0000 
2.4500 
2.9160 
2.6589 
2.5185 
2.3353 
2.3741 
2.0455 
1. 9979 
1.6606 
1.4549 
TOTAL N = 
EASY 0.9139 
HARD 0.5411 
., 
,. 
99.101 7. 
0.899.7. 
., 
,. 
55.159 •.• ,. 
44.841 7. 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
20 
142 
788 
3,548 
12,768 
35,912 
76,048 
114,072 
108,067 
48,631 
399,996 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 0.2419 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 1.9006 
VARIANCE 3 <TOTAL ERROR SCORE> = 2.1424 
201 
0.2501 
1.9064 
2.1427 
DOMAIN 9C,/ 10 
STUDENT NUMBER 16 PROBABILITY 
TRUE SCORE 17.6918 PROBABILITY 
cuT SCORE 60 
PASS 399904 
FAIL 94 
======= 
TOTAL 399998 
CUT SCORE 80 
PASS 
FAIL 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
369374 
30624 
======= 
399998 
SUBTRUE 
SCORE 
11.2460 
11.6041 
11.9622 
12.3203 
12.6784 
13.0365 
13.3946 
13.7527 
14.1108 
14.4689 
14.8270 
15.1851 
15.5432 
15.9013 
16.2594 
16.6175 
16.9756 
17.3337 
17.6918 
18.0499 
18.4080 
7. 
99.977 7. 
0.024 7. 
7. 
92.344 7. 
7.656 ., Ia 
VARIANCE 
ABOUT 
SUB TRUE 
o.oooo 
o.oooo 
0.0000 
o.oooo 
o.oooo 
0.0000 
0.0000 
o.oooo 
0.0000 
0.0000 
0.0000 
2.2287 
2.3775 
2.5589 
2.3934 
2.5047 
2.1542 
1.8585 
1. 8617 
1.6843 
1. 6377 
AVERAGE OF ALL OBS SCR 
AVERAGE 
OBSERVED 
SCORE 
o.oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
15.0000 
15.1500 
15.6643 
15.7516 
16.2441 
16.4774 
17.0174 
17.3375 
17.8000 
18.0075 
18.4150 
17.7117 
70 
398242 
1756 
-------
399998 
90 
236655 
163343 
======= 
399998 
VARIANCE 
ABOUT 
OBS SCR 
o.oooo 
0.0000 
o.oooo 
o.oooo 
o. 00,~0 
0.0000 
0.0000 
o.oooo 
0.0000 
0.0000 
o.oooo 
2.3447 
2.3795 
2.5397 
2.3938 
2.4853 
2.1525 
1.8585 
1.8500 
1.6826 
1.6377 
TOTAL N = 
EASY 0.9204 
HARD 0.5623 
7. 
99.561 7. 
0.439 7. 
7. 
59.164 /. 
40.836 7. 
N 
0 
() 
0 
0 
0 
0 
0 
0 
0 
0 
1 
20 
143 
789 
3,547 
12,768 
35,910 
76,047 
114,073 
108,069 
48,631 
399,998 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 0.2330 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 1.8344 
VARIANCE 3 <TOTAL ERROR SCORE) = 2.0674 
202 
0.2308 
1.8390 
2.0678 
DOMAIN 90/ 1 c) 
STUDENT NUMBER 
TRUE SCORE 
17 
17.8488 
PROBABILITY 
PROBABILITY 
CUT SCORE 60 % 
PASS 399987 99.996 /. 
FAIL 14 0~003 % 
======= 
TOTAL 400001 
CUT SCORE 80 7. 
PASS 381205 95.301 % 
FAIL 18796 4.699 % 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
======= 
400001 
SU:STRUE 
SCORE 
11.6820 
12.0246 
12.3672 
12.7098 
13.0524 
13.3950 
13.7376 
14.0802 
14.4228 
14.7654 
15.1080 
15.4506 
15.7932 
16.1358 
16.4784 
16.8210 
17.1636 
17.5062 
17.8488 
18.1914 
18.5340 
VARIANCE 
ABOUT 
SUB TRUE 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
o.oooo 
o.oooo 
0.0000 
0.0000 
0.0000 
0.0000 
3.0751 
3.0467 
2.7308 
2.4132 
2.3838 
2.1052 
1.6606 
1.6808 
1. 5913 
1. 3068 
AVERAGE OF ALL OBS SCR 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
15.0000 
15.5455 
15.6713 
16.0546 
16.4037 
16.8800 
17.2124 
17.4600 
17.9600 
18.1775 
18.5674 
17.8774 
70 
398934 
1067 
======= 
400001 
90 
252802 
147199 
======= 
400001 
VARIANCE 
ABOUT 
OBS SCR 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
o. 00()0 
0.0000 
0.0000 
o.oooo 
o.oooo 
0.0000 
3.2121 
3.0532 
2.7276 
2.4083 
2.3805 
2.1029 
1.6585 
1.6684 
1. 5911 
1. 3057 
TOTAL N = 
EASY 0.9267 
HARD 0.5841 
., 
,. 
99.733 % 
0.267 % 
7. 
63.200 % 
36.800 % 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
22 
143 
788 
3,547 
12,768 
35,9~2 
76,048 
114,072 
108,068 
48,632 
400,001 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 
VARIANCE 3 <TOTAL ERROR SCORE> = 
203 
0.2166 
1.6725 
1. 8891 
0.2113 
1.6770 
1.8899 
DOMAIN 90/:1.0 
STUDENT NUMBER 
TRUE SCORE 
CUT SCORE 60 
PASS 399983 
FAIL 14 
======= 
TOTAL 399997 
CUT SCORE 80 
PASS 
FAIL 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
381281 
18716 
======= 
399997 
SUB TRUE 
SCORE 
12.1420 
12.4678 
12.7936 
13.119;4 
13.4452 
13.7710 
14.0968 
14.4226 
14.7484 
15.0742 
15.4000 
15.7258 
16.0516 
16.3774 
16.7032 
17.0290 
17.3548 
17.6806 
18.0064 
18.3322 
18.6580 
18 
18.0064 
PROBABILITY 
/. 
99.996 ., ,. 
0.004 /. 
/. 
95.321 /.. 
4.679 /. 
VARIANCE 
ABOUT 
SUB TRUE 
0.0000 
0.0000 
0.0000 
0.0000 
o.oooo 
0.0000 
o.oooo 
0.0000 
0.0000 
0.0000 
0.2600 
2.4107 
2.6335 
2.9171 
2.4967 
2.2899 
1.9564 
1.9270 
1. 6501 
1.5012 
1.2390 
PROBABILITY 
AVERAGE 
OBSERVED 
SCORE 
o.oooo 
0.0000 
0.0000 
o.oooo 
0.0000 
0.0000 
o.oooo 
o.oooo 
o.oooo 
o.oooo 
15.5000 
15.7000 
15.9860 
16.5508 
16.5481 
17.0951 
17.3799 
17.6675 
17.9950 
18.3450 
18.6775 
70 
398164 
1833 
======= 
399997 
90 
271350 
128647 
======= 
399997 
VARIANCE 
ABOUT 
OBS SCR 
0.0000 
o.oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.5000 
2.5368 
2.6477 
2.8907 
2.4734 
2.2856 
1. 9559 
1.9269 
1. 6497 
1.5011 
1.2386 
AVERAGE OF ALL OBS SCR 18.0070 TOTAL N = 
EASY 0.9329 
HARD 0.6071 
/. 
99.542 /. 
0.458 /. 
., 
,. 
67.838 /. 
32.162 /. 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
20 
143 
788 
3!1547 
12,769 
35!1912 
76,047 
114,071 
108,068 
48,631 
399,997 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 (ITEM EFFECT ERROR> = 0. 1942 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 1.6702 
VARIANCE 3 <TOTAL ERROR SCORE> = 1.8644 
204 
0.1910 
1.6708 
1.8643 
DOMAIN 9<:'l / :1. 0 
STUDENT NUMBER 
TRUE SCORE 
19 
18.1668 
PROBABILITY EASY 0.9391 
PROBABILITY HARD 0.6315 
CUT SCORE 60 Y. 
PASS 400000 100.000 Y. 
FAIL 0 0.000 7. 
======= 
TOTAL 400000 
CUT SCORE 80 7. 
PASS 389022 97.256 7. 
FAIL 10978 2.745 /. 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
"16: 4 
17: 3 
19: 2 
19: 1 
20: 0 
======= 
400000 
SUB TRUE 
SCORE 
12.6300 
12.9376 
13.2452 
13.5528 
13.8604 
14.1680 
14.4756 
14.7832 
15.0908 
15.3984 
15.7060 
16.0136 
16.3212 
16.6288 
16.9364 
17.2440 
17.5516 
17.8592 
18.1668 
18.4744 
18.7820 
VARIANCE 
ABOUT 
SUB TRUE 
o.oooo 
o.oooo 
0.0000 
0.0000 
o.oooo 
o.oooo 
0.0000 
o.oooo 
0.0000 
o.oooo 
o.oooo 
2.2344 
2.4330 
2.2136 
2.3314 
1.9704 
1.8893 
1. 5116 
1. 3327 
1.0554 
1.3203 
AVERAGE OF ALL OBS SCR 
AVERAGE 
OBSERVED 
SCORE 
o.oooo 
0.0000 
o.oooo 
0.0000 
o.oooo 
o.oooo 
0.0000 
0.0000 
0.0000 
0.0000 
16.0000 
16.1429 
16.3357 
16.7449 
16.7975 
17.3824 
17.5848 
17.9000 
18.1425 
18.4950 
18.8274 
18.1851 
CENTERED AROUND: 
70 /. 
399358 99.840 7. 
642 0.161 7. 
======= 
400000 
907. 
297273 74.318 7. 
102727 25.682 /. 
======== 
400000 
VARIANCE 
ABOUT 
OBS SCR 
0.0000 
0.0000 
0.0000 
0.0000 
o.oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
2.3286 
2.4499 
2 • .2030 
2.3127 
1.9514 
1.8883 
1.5100 
1.3321 
1.0550 
1. 3183 
TOTAL N = 
AVERAGE 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
21 
143 
788 
3,546 
12,767 
35,913 
76,049 
114,072 
108,068 
48,632 
400,000 
TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 
VARIANCE 3 <TOTAL ERROR SCORE) = 
0.1676 
1.3699 
1.5375 
0.1703 
1. 3717 
1.5378 
205 
DOMAIN 9Cl/ l. Cl 
STUDENT NUMBER 
TRUE SCORE 
20 
18.3328 
PROBABILITY 
PROBABILITY 
CUT SCORE 60 % 
PASS 400001 100.000 % 
FAIL 0 0.000 % 
======= 
TOTAL 400001 
CUT SCORE 80 % 
PASS 390855 97.714% 
FAIL 9146 2.286 % 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
======= 
400001 
SUBTRUE 
SCORE 
13.1560 
13.4436 
13.7312 
14.0188 
14.3064 
14.5940 
14.8816 
15.1692 
15.4568 
15.7444 
16.0320 
16.3196 
16.6072 
16.8948 
17.1824 
17.4700 
17.7576 
18.0452 
18.3328 
18.6204 
18.9080 
VARIANCE 
ABOUT 
SUB TRUE 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
o.oooo 
0.0000 
0.0000 
o.oooo 
0.4690 
1. 8586 
2.3807 
2.1841 
1. 9444 
1. 6897 
1.6729 
1. 7033 
1.2194 
1.3944 
0.9078 
AVERAGE OF ALL OBS SCR 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
0.0000 
0.0000 
0.0000 
o:oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
16.5000 
16.3810 
16.5352 
16.9380 
17.1618 
17.5573 
17.6525 
18.0400 
18.3100 
18.5425 
18.9275 
18.2998 
70 
399776 
225 
====== 
400001 
90 
303391 
96610 
======= 
400001 
VARIANCE 
ABOUT 
CBS SCR 
0.0000 
o.oooo 
0.0000 
0.0000 
0.0000 
o.oooo 
o.oooo 
o.oooo 
0.0000 
0.0000 
0.5000 
1.9476 
2.3924 
2.1850 
1. 9445 
1.6822 
1. 6618 
1.7033 
1. 2189 
1.3883 
0.9075 
TOTAL N = 
EASY 0.9454 
HARD 0.6578 
7. 
99.944 % 
0.056 7. 
., 
Ia 
75.848 ., ,. 
24.152 % 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
21 
142 
790 
3,548 
12,769 
35!'1911 
76,048 
114,071 
108,069 
48,630 
400,001 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 0.1484 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 1.3823 
VARIANCE 3 <TOTAL ERROR SCORE> = 1.5306 
206 
0.1489 
1. 3853 
1.5316 
DOMAIN 9C>/ ::10 
STUDENT NUMBER 
TRUE SCORE 
21 
18.5086 
PROBABILITY 
PROBABILITY 
CUT SCORE 
PASS 399995 
FAIL 0 
60 F. 
100.000 F. 
0.000 F. 
====== 
TOTAL 399995 
CUT SCORE SO F. 
PASS 395377 98. 845 ~~ 
FAIL 4618 1.155 F. 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
======= 
399995 
SUB TRUE 
SCORE 
13.7440 
14.0087 
14.2734 
14.5381 
14.8028 
15.0675 
15.3322 
15.5969 
15.8616 
16.1263 
16.3910 
16.6557 
16.9204 
17.1851 
17.4498 
17.7145 
17.9792 
18.2439 
18.5086 
18.7733 
19.0380 
VARIANCE 
ABOUT 
SUB TRUE 
0.0000 
o.oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
o.oooo 
0.0000 
0.0000 
1. 8120 
2.5791 
2.0721 
1.9404 
1. 8160 
1.5748 
1.4878 
1. 1588 
0.9716 
0.8245 
AVERAGE OF ALL OBS SCR 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
0.0000 
0.0000 
0.0000 
o.oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
17.0000 
16.7000 
16.8380 
17.2132 
17.4250 
17.6875 
18.0425 
18.1725 
18.5725 
18.8350 
19.0949 
18.5415 
70 
399934 
61 
======= 
399995 
90 
329211 
70784 
------
---
399995 
VARIANCE 
ABOUT 
OBS SCR 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
o.oooo 
o.oooo 
o.oooo 
0.0000 
0.0000 
1.9053 
2.5906 
2.0739 
1.9404 
1. 8154 
1.5708 
1.4827 
1.1547 
0.9678 
0.8213 
TOTAL N = 
EASY 0.9519 
HARD 0.6872 
•t ,. 
99.985 F. 
0.015 F. 
F. 
82.304 ., ,. 
17.696 F. 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
20 
142 
788 
3,546 
12,768 
35,912 
76,047 
114,071 
108,068 
48,632 
399,995 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR> = 0.1480 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 1.1938 
VARIANCE 3 <TOTAL ERROR SCORE> = 1.3418 
207 
0.1261 
1.1977 
1. 3429 
DOMAIN 90/::1..0 
STUDENT NUMBER 
TRUE SCORE 
22 
18.7002 
PROBABILITY EASY 0.9588 
PROBABILITY HARD 0.7209 
CUT SCORE 60 X 
PASS 399999 100.000 X 
FAIL 0 0.000 X 
======= 
TOTAL 399999 
CUT SCORE SO X 
PASS 397325 99. 332 ~{. 
FAIL 2674 0.669 X 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
20: 0 
======= 
399999 
SUBTRUE 
SCORE 
14.4180 
14.6559 
14.8938 
15.1317 
'15. 3696 
15.6075 
15.8454 
16.0833 
16.3212 
16.5591 
16.7970 
17.0349 
17.2728 
17.5107 
17.7486 
17.9865 
18.2244 
18.4623 
18.7002 
18.9381 
19.1760 
VARIANCE 
ABOUT 
SUB TRUE 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.3382 
2.0012 
1.9060 
1.9984 
1.7565 
1. 5587 
1. 3581 
1.3584 
1.1350 
0.8415 
0.7354 
AVERAGE OF ALL OBS SCR 
AVERAGE 
OBSERVED 
SCORE 
o.oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
16.5000 
17.0000 
17.3732 
17.5044 
17.8072 
17.9450 
18.2225 
18.5250 
18.6750 
18.9000 
19.2075 
18.6975 
CENTERED AROUND: 
VARIANCE 1 <ITEM EFFECT ERROR) 
70 X 
399877 99.970 X 
122 0.031 /. 
======= 
399999 
90 X 
347597 86.899 /. 
52402 13.101 X 
======= 
399~99 
VARIANCE 
ABOUT 
OBS SCR 
0.0000 
0.0000 
0.0000 
o.oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.5000 
2.1000 
1. 9093 
2.0009 
1.7536 
1.5::571 
1. 3582 
1.3545 
1.1343 
0.8400 
0.7344 
TOTAL N = 
AVERAGE 
= 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
21 
142 
787 
3,547 
12,769 
35,913 
76,048 
114,071 
108,068 
48,631 
399,999 
TRUE 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 
VARIANCE 3 <TOTAL ERROR SCORE) = 
0.0975 
1.0892 
1.1866 
0.1019 
1. 0907 
1.1866 
208 
DOMAIN 90/10 
STUDENT NUMBEF: 
TRUE SCORE 
23 
18.9218 
PROBABILITY 
PROBABILITY 
CUT SCORE 60 /. 
PASS 40000 1 1 c)(J. 000 ~~ 
FAIL 0 0.000 /. 
======= 
TOTAL 400001 
CUT SCORE 80 7. 
PASS 398226 99.556 7. 
FAIL 1775 0.444 /. 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
13: 7 
14: 6 
15: 5 
16: 4 
17: 3 
18: 2 
19: 1 
2CJ: 0 
======== 
400001 
SUB TRUE 
SCORE 
15.2480 
15.4521 
15.6562 
15.8603 
16.0644 
16.2685 
16.4726 
16.6767 
16 .. 8808 
17.0849 
17 .. 2890 
17.4931 
17.6972 
17.9013 
18.1054 
18.3095 
18.5136 
18.7177 
18.9218 
19.1259 
19.3300 
VARIANCE 
ABOUT 
SUB TRUE 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.2945 
2.0586 
1.8232 
1.7580 
1.5226 
1. 2784 
1.3775 
1.1111 
1.0033 
0.7532 
0.6737 
AVERAGE OF ALL OBS SCR 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
o.oooo 
0.0000 
0.0000 
0.0000 
o.oooo 
0.0000 
0.0000 
0.0000 
0.0000 
17.5000 
17.4286 
17.6738 
17.9316 
18.0696 
18.3599 
18.4175 
18.7325 
18.9025 
19.1100 
19.3224 
18.9066 
70 
399911 
90 
======= 
400001 
90 
361730 
38271 
======= 
400001 
VARIANCE 
ABOUT 
OBS SCR 
o. 00(>0 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
o.oooo 
0.0000 
(1.0000 
0.5000 
2.1571 
1. 8357 
1.7593 
1.5218 
1. 2760 
1.3683 
1.1109 
1.0030 
0.7529 
0.6737 
TOTAL N = 
EASY 0.9665 
HARD 0.7624 
7. 
99.978 7. 
0.022 7. 
/. 
90.432 7. 
9.568 /. 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
21 
141 
789 
3,548 
12,769 
35,911 
76,048 
114,072 
108,068 
48,632 
400,001 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 <ITEM EFFECT ERROR) = 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR> = 
VARIANCE 3 <TOTAL ERROR SCORE> = 
209 
0.0777 
0.9639 
1.0416 
0.0750 
0.9650 
1.0418 
DOMAIN 90/10 
STUDENT NU~BER 24 PROBABILITY EASY 0.9760 
TRUE SCORE 19.2058 PROBABILITY HARD 0.8189 
CUT SCORE 60 /. 
PASS 400000 100.000 i. 
FAIL 0 0.000 i. 
======= 
TOTAL 400000 
CUT SCORE 80 /. 
PASS 399651 99.913 i. 
FAIL 349 0.087 /. 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4": 16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
12: 8 
!3: 7 
14: 6 
15: 5 
16: 4 
17: 3 
10· \J. 2 
19: 1 ... 
20: 0 
======= 
400000 
SUBTRUE 
SCORE 
16.3780 
16.5351 
16.6922 
16.8493 
17.0064 
17.1635 
17.3206 
17.4777 
17.6348 
17.7919 
17.9490 
18.1061 
18.2632 
18.4203 
18.5774 
18.7345 
18.8916 
19.0487 
19.2058 
19.3629 
19.5200 
VARIANCE 
ABOUT 
SUBTRUE 
0.0000 
o.oooo 
o.oooo 
0.000(1 
o.oooo 
0.0000 
o.oooo 
0.0000 
0.0000 
0.0000 
0.5536 
1. 8583 
1.4566 
1. 3109 
1.2285 
1. 2561 
0.8469 
0.8695 
0.6903 
0.5423 
0.4388 
AVERAGE OF ALL OBS SCR 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
o.ocoo 
0.0000 
0.0000 
0.0000 
o.oooo 
0.0000 
0.0000 
0.0000 
0.0000 
18.5000 
18.0476 
18.4014 
18.4442 
18.4921 
18.7650 
18.9425 
19.0800 
19.1750 
19.3850 
19.5400 
19.2163 
CENTERED AROUND: 
VARIANCE 1 <ITEM EFFECT ERROR) 
70 
399968 
'":!'"') 
'"'""-
======== 
400000 
90 
384182 
15818 
======= 
400000 
VARIANCE 
ABOUT 
OBS SCR 
o.oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
o.oooo 
0.0000 
0.5000 
1.9476 
1.4477 
1. 3120 
1.22!5 
1.2552 
0.8443 
0.8685 
0.6894 
0.5418 
0.4385 
TOTAL N = 
., 
,. 
99.992 /. 
0.008 i. 
i. 
96.046 /. 
3.954 /. 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
"') 
-21 
142 
788 
3,548 
12,768 
35,912 
76,048 
114,071 
108,068 
48,632 
400,000 
AVERAGE TRUE 
= 0.0438 0.0444 
VARIANCE 2 <PERSON X ITEM, MEAS. ERROR) = 0.6913 0.6922 
VARIANCE '":!' 
·-· 
<TOTAL ERROR SCORE) = 0.7351 0.7352 
210 
DOMAIN 
STUDENT NUMBER 
TRUE SCORE 
25 
19.7512 
CUT SCORE 60 X 
PASS 399997 1 00. 00(1 ;{. 
FAIL 0 0.000 /. 
======= 
TOTAL 399997 
CUT SCORE 80 X 
PASS 399997 100.000 /. 
FAIL 0 0.000 X 
TOTAL 
EASY 
HARD 
0:20 
1:19 
2:18 
3:17 
4:16 
5:15 
6:14 
7:13 
8:12 
9:11 
10:10 
11: 9 
1""). ...... 8 
1":!'· 
·-·· 
7 
14: 6 
15: 5 
16: 4 
17· I • 3 
18: 2 
19: 1 ... 
20: 0 
======= 
399997 
SUB TRUE 
SCORE 
18.7900 
18.8434 
18.8968 
18.9502 
19.0036 
19.0570 
19.1104 
19.1638 
19.2172 
19.2706 
19.3240 
19.3774 
19.4308 
19.4842 
19.5376 
19.5910 
19.6444 
19.6978 
19.7512 
19.8046 
19.8580 
VARIANCE 
ABOUT 
SUB TRUE 
o.oooo 
0.0000 
o.oooo 
0.0000 
0.0000 
0.0000 
o.oooo 
0.0000 
0.0000 
o.oooo 
0.2810 
0.5216 
0.5782 
0.4515 
0.4801 
0.3637 
0.3440 
0.3089 
0.2249 
0.2287 
0.1837 
AVERAGE OF ALL CBS SCR 
9<.:>/:1.0 
PROBABILITY EASY 0.9929 
PROBABILITY HARD 0.9395 
AVERAGE 
OBSERVED 
SCORE 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
19.5000 
19.3810 
19.3944 
19.5228 
19.5176 
19.5800 
19.6275 
19.6900 
19.7950 
19.7775 
19.8275 
19.7492 
70 /. 
399997 100.000 X 
0 o. 000 ~{. 
-------
399997 
90 X 
398149 99.538 X 
1848 0.462 /. 
======= 
399997 
VARIANCE 
ABOUT 
OBS SCR 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.5000 
0.5476 
0.5810 
0.4506 
0.4799 
0.3636 
0.3437 
(l. 3089 
0.2230 
0.2280 
0.1828 
TOTAL N = 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
21 
142 
788 
3,547 
12,769 
35~911 
76,047 
114,072 
108~067 
48,631 
399,997 
CENTERED AROUND: AVERAGE TRUE 
VARIANCE 1 C ITEM EFFECT ERROR> = 0. 0051 
VARIANCE 2 <PERSON X ITEM~ MEAS. ERROR> = 0.2540 
VARIANCE 3 <TOTAL ERROR SCORE> = 0.2591 
2 11 
0.0051 
0.2549 
0.2591 
APPENDIX E 
N 
--' 
w 
Et.a1 HAAD 
0 20 
1\1 
lb 
3 11 
4 16 
5 15 
0 14 
13 
12 
'I II 
10 Ill 
II y 
12 
13 
14 6 
I~ 
16 
11 
16 
1\1 
20 0 
STUDENT NUMBER 
TRUE SCORE 
IU\Jjtl( CffikECT 
0 I 
0 0 () 0 u 0 
2 0 0 
II 2~ 19 12 
43 109 120 92 48 14 
74 351 513 402 323 116 
'M 932 H\13 1508 llOY 370 
407 1:131 332/ 4140 3438 147'1 
0 
() 
·o 
• 
9 
177 
554 
() 
0 
0 
0 
30 
74 
444 2440 5545 7615 1763 3475 1553 591 
601 l523 7208 12013 11533 828? 3484 1442 
(JOM(; IN 
I 
4.2770 
a 9 
0 () 
0 0 
0 0 
0 0 
0 0 
0 0 
37 0 
148 0 
721 120 
481 2563 848'1 16014 13936 11533 6868 211b3 AOI 481 
10 
0 
0 
0 
0 
0 
0 
0 
0 
120 
0 
705 3172 64~7 12158 1'1382 12334 8105 3700 2114 0 352 
:rzo 116l 5766 t0091 13Y36 t3015 9130 5927 2723 aot 0 
0 461 3123 6487 9370 10572 8530 4085 3244 1201 240 
o 29o t626 2735 5175 6728 5249 405& t996 73'1 148 
0 148 407 1516 24-40 314l 2735 192? 1331 776 2'16 
30 30 m 065 oao ua3 vol 1050 532 399 74 
0 'I 69 66 245 360 379 328 208 Ill 31 
0 0 11 24 41 65 83 68 02 35 17 
() 0 'I 15 14 
0 0 0 0 
0 0 0 () 0 0 0 0 0 0 0 
50/50 
PROBA~ILITt EASY 0,3£72 
PROBABILITY HARD 0.0605 
II 12 13 14 15 
0 0 0 0 0 
0 0 0 0 0 
(J 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
. 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
120 0 0 0 0 
222 0 0 0 0 
74 0 0 0 0 
89 30 0 0 0 
5 9 0 0 0 
0 0 0 
0 0 0 
0 0 0 0 0 
0 0 0 0 0 
16 17 18 19 20 roti\L H 
" " 
0 0 
" 
0 
0 0 0 0 0 
0 0 0 0 0 12 
0 0 0 0 0 435 
0 0 0 0 0 1848 
0 0 0 0 o ~m 
0 0 0 0 0 14787 
0 0 0 0 0 2'1574 
0 0 0 0 0 48054 
0 0 0 0 0 64073 
0 0 0 0 0 70479 
0 0 0 0 0 64071 
0 0 0 0 0 48053 
0 0 0 0 0 ~72 
0 0 0 0 (I 14787 
0 0 0 0 0 591~ 
0 0 0 0 0 1844 
0 0 0 0 0 41> 
0 0 0 0 0 11 
0 0 0 0 0 a 
0 0 0 0 0 0 
r 
Hlilbl:k UI\K£C'( 
EASt IW(J) 0 I l 
0 2U 0 0 0 
l'i 0 0 
18 0 6 
3 17 16 
16 0 42 
15 0 0 89 
N 6 14 0 0 74 
__, 
+::> 7 13 0 74 
8 12 0 0 0 
II 0 160 
10 10 0 0 0 
II 0 0 320 
12 a 0 0 0 
13 0 0 0 
14 0 0 0 
15 0 0 0 
16 0 0 0 
17 0 0 (I 
18 0 0 0 
l'i 0 0 0 
20 0 0 0 0 
DOM/\IN 50/50 
STUDENT NU~lBER 
TRUE SCORE 
2 
8.-!670 
PROBA&ILITI EASi 0.6656 
PRO BAli I L I T'l •lARD 0, I B I I 
b 8 10 II ll 13 14 15 
0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
12 I~ 12 I? a 0 0 0 0 0 
~0 88 114 79 38 27 5 0 0 0 0 0 
208 314 411 319 305 143 6'1 18 0 0 0 0 
38~ 709 1227 li'IA 1020 76'1 311 89 59 0 0 0 0 
h'l 1220 2403 2'120 3696 2033 1368 62A 148 37 0 0 0 
887 2070 3327 6284 5175 4140 3844 2735 All 222 0 0 0 
240 11102 5526 6968 10091 8650 &049 3724 1922 481 481 IL'Cl 0 
160 641 36M 761.'1 12814 13135 12174 81W 3684 1442 160 160 0 
0 52'1 UIO 7576 10'124 I:JJYI 14624 9515 7753 3348 1057 176 176 
0 801 2883 3524 92'10 '1711 148?7 9611 7048 4165 1281 320 160 
0 rn m ~ ~ ~ ~~ ~ ~ ~ ~ ~ 240 
0 222 591 ffi ~ ~ ~ ~ ~ ~ • m 74 
0 0 74 ~ m ~ ~ ~ ~ ~ ~ m 148 
0 15 30 44 222 ~3 665 102U 1183 IOlY 591 340 133 
0 0 lA 37 100 IVY 2'i6 2'11 3M 259 129 92 
(I 0 0 0 20 24 59 82 71 80 59 22 
0 0 0 0 0 2 a 9 u ll 10 8 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 
16 17 18 IY 20 TllTAI. H 
0 0 0 0 (I 0 
0 0 0 0 0 
0 0 0 Q 0 11 
0 0 0 0 0 433 
0 0 0 0 0 1847 
0 0 0 0 0 5915 
0 0 0 0 0 147M 
0 0 0 0 0 29571 
0 0 0 0 0 48054 
0 0 0 0 0 64072 
0 0 0 0 0 7047'1 
0 0 0 0 0 t40l1 
0 0 0 0 0 411054 
0 0 74 0 0 2'1571 
37 0 0 0 0 WM 
59 30 0 0 0 5'114 
2J 9 0 0 0 1847 
5 0 0 0 4:ti 
3 0 0 0 11 
0 0 0 0 0 
0 0 0 0 0 0 
~!!~"""" 
N 
__, 
Ul 
EASY HMO 
0 ?0 
h 
Ia 
17 
16 
15 
6 I~ 
13 
a 12 
11 
10 lu 
II 
12 a 
13 
14 6 
15 5 
16 
17 
18 2 
19 
20 0 
IU1fj[l( llJ\IitCT 
0 I 2 
0 0 0 0 
0 0 0 
0 6 
0 32 
0 0 46 
0 15 30 89 
0 0 ll la5 
0 0 0 74 
0 0 0 0 
0 0 0 160 
0 0 0 0 
0 0 0 
ll 0 0 0 
0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
DOMAIN 50/50 
STUDENT NUMBER 
TRUE SCORE 
j 
9./480 
PROBABILITi fASt 0,7372 
PROBABILITI HARD 0,23/6 
~ & 10 II ll 
0 0 0 0 0 0 0 0 
2 0 0 0 0 0 
10 15 14 12 0 0 
42 77 91 84 52 35 II 3 0 
1411 291 3ll 342 323 176 106 46 14 
325 U5 1035 1139 WI A67 3&4 266 l'i 
554 1146 2514 nl& 3105 2471 1663 591 222 
739 1648 3623 5249 4679 524'i 3549 2661 1035 
120 2042 31>04 6007 9851 10452 7566 4445 2643 
13 
0 
0 
0 
14 
0 
74 
5'il 
721 
14 
0 
0 
0 
0 
0 
0 
0 
74 
601 
481 1762 2563 7524 10732 10412 12a14 11650 4966 2403 vol 
0 ll'JJ 2291 5638 10219 121162 13920 13215 M'f.i 2419 1410 
15 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4111 
176 
160 0 1121 3204 6407 9611 13615 12494 'i2YO 52116 1762 601 
0 120 240 1562 3003 6007 9491 106\12 7'129 4805 2283 1682 
0 74 0 739 1553 3253 5693 5323 5766 3644 2292 139 
0 0 0 185 l/0 IIO'i 1774 2772 2'i57 2735 1552 924 
0 0 30 59 l'i 355 562 1079 1212 887 946 473 
0 0 0 5 18 69 IM 263 360 351 273 236 
0 0 0 2 22 41 74 96 86 60 
0 0 0 0 3 14 14 14 
0 0 0 0 0 0 0 0 2 
0 0 0 0 0 0 0 0 0 0 0 0 
16 
0 
0 
(I 
0 
0 
0 
0 
0 
0 
0 
0 
320 
24U 
296 
333 
192 
74 
ze 
a 
0 
-. 
17 1& 19 20 MAL II 
0 0 0 0 0 
0 0 0 0 
0 0 0 0 n 
0 0 0 0 4J'j 
0 0 0 1848 
0 0 0 0 5'i15 
0 0 0 0 147116 
0 0 0 0 2'i571 
0 0 0 0 48054 
160 0 0 0 64073 
0 0 0 0 70478 
0 0 0 0 64071 
0 0 0 0 48054 
0 0 0 0 2'i572 
74 0 0 0 14765 
30 0 0 0 5'114 
32 0 0 0 184/ 
10 0 0 415 
0 0 12 
0 0 0 
0 0 0 0 (I 
tl1111Di ttlli<ECT 
t:ASl HAAD 0 I 
0 20 0 0 0 0 
19 0 0 0 0 
18 0 0 5 
11 13 
4 16 0 0 'I 18 
5 15 0 0 15 44 
N 6 14 0 0 0 0 
--' 
0"1 13 0 0 0 0 
8 12 0 0 0 1<0 
'I II 0 0 0 0 
10 10 0 0 0 0 
II 0 0 0 0 
12 8 0 0 0 0 
13 0 0 0 0 
14 0 0 0 0 
15 5 0 0 0 0 
16 0 0 0 0 
11 3 0 0 0 0 
16 0 0 0 0 
1Y 0 0 0 
20 0 0 0 0 0 
DOMI\IN 50/50 
STUDENT NUMBEH 
TRUE SCORE 
4 
10.5610 
PPOBABILITY EAS( 0,7710 
PROE:ABILITI' HARD 0.2791 
0 a y 10 II 12 13 14 15 
0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
10 15 13 10 0 0 0 0 
ll 45 87 96 70 4'1 23 II 2 0 0 
69 17 I 268 305 337 287 189 74 28 n 9 0 
JJJ 325 665 1035 14'iJ 1020 591 414 89 74 15 0 
222 5YI 'i'i& 2661 l/35 3304 1848 1331 fl6 111 148 0 
148 444 l'i'i6 3096 4510 6580 4Y53 39'i2 1700 1035 444 74 
240 lOBI 2042 4205 7208 ¥J70 6049 7111:1'1 34&4 3123 1201 120 
0 320 1602 4325 7689 12013 11213 11213 7208 5286 2243 801 
0 0 1586 1938 6872 10748 11453 14801 9691 7'129 3700 1410 
0 0 160 1602 3364 7208 12013 14256 9451 6169 5606 1442 
0 120 240 360 1922 4685 7328 10932 WIO 7809 3604 1802 
0 0 148 370 961 1331 2957 487'i 6580 5323 30'i6 2144 
0 0 0 0 185 r:tl 1072 2144 2514 3022 2255 1368 
0 0 0 0 74 163 355 754 1109 1168 872 798 
0 0 0 0 0 32 83 162 l/3 347 360 291 
0 0 0 0 2 10 21 48 75 9'i 62 
0 0 0 0 10 14 13 
0 0 0 0 0 0 0 0 II 2 
0 0 0 0 0 0 0 0 0 0 0 
16 17 18 19 20 TOTAL N 
0 0 0 0 0 0 
0 0 0 0 0 6 
0 0 0 0 0 71 
0 0 0 0 0 430 
0 0 0 0 0 1847 
0 0 0 0 0 5'il3 
0 0 0 0 0 14785 
0 0 0 0 0 ?!f'J72 
0 0 0 0 0 48052 
160 0 0 0 0 64073 
176 176 0 0 0 70480 
481 160 160 0 0 640/2 
240 0 0 0 0 48052 
887 74 222 0 0 2'1512 
591 222 74 0 0 147M 
411 192 15 0 0 5914 
194 92 9 0 1848 
60 40 12 435 
II a 0 72 
2 0 0 0 
0 0 0 0 0 0 
EASt ~D 
20 
IY 
18 
17 
16 
5 15 
N 6 14 
-' 
-....j IJ 
12 
II 
10 10 
II ~ 
12 a 
13 
14 
15 5 
16 
17 3 
18 
IY 
20 0 
IUWI::R~CT 
0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
5 
0 28 
0 15 
0 37 
0 0 
0 0 
0 
0 0 
0 0 
0 0 
0 0 
0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
DOMAIN 50150 
STUDENT NUMBER 
TRUE SCO~E 
5 
II. 1660 
l"h!O&Al!ILJTa EA!:il' G,0038 
PRO&Al!ILITY HARD 0,3128 
6 8 10 II 12 13 14 
0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 
a 9 14 14 8 3 0 G 
14 37 1:4 83 78 71 46 20 15 2 
28 102 213 328 374 370 217 102 65 23 0 
59 20/ 4/3 ~2 1434 ~76 754 636 281 163 15 
37 185 924 1183 ~218 3142 '£157 23~ 1294 25Y 181 
222 222 1553 1~22 4658 4584 6580 5JY/ 28~ 1257 ~6 
0 240 961 3003 5046 9370 ao4v ano 6848 3244 1m 
15 
0 
0 
0 
0 
0 
0 
37 
0 
31:4 
16 
0 
0 
0 
0 
0 
0 
0 
74 
240 
0 641 1121 2723 6728 83~ WJI 14736 10572 5126 J20.t ~61 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 52'f 1410 3341 6343 12334 13391 15153 Yl38 5638 2643 352 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
320 1121 1762 5286 9611 10892 13455 9931 7208 3204 1281 
120 
0 
0 
0 
0 
0 
0 
0 
0 
~40 121 2403 4925 7'i29 11650 10211 7321 JY64 1321 
0 518 
0 148 
0 30 
0 0 
0 
0 0 
0 0 
0 0 
817 2661 4214 6062 6506 4288 2735 1035 
370 
74 
18 
0 
0 
0 
554 IY22 2735 2846 3105 1996 
146 444 
23 6Y 
12 
0 0 
0 0 
813 1212 12'0 
203 291 421 
46 45 85 
3 17 
0 
0 0 0 
~46 
416 
aa 
13 
2 
0 
81J 
695 
245 
85 
12 
2 
0 
17 18 19 20 10Tt.l. N 
0 0 0 0 0 
0 0 0 0 
0 0 0 0 73 
0 0 0 0 435 
0 0 0 0 1850 
0 0 0 0 5915 
0 0 0 0 14787 
0 0 0 0 '£1574 
0 0 0 0 48053 
0 0 0 0 64072 
0 0 0 0 7047"1 
0 0 0 0 64071 
240 0 0 0 48052 
591 74 0 0 m71 
185 Ill 0 0 147~ 
237 59 30 0 5915 
116 37 0 1848 
4Y 17 435 
10 0 13 
0 0 • 
0 0 0 0 0 
IU1IIEJl Clli'f<ECT 
EASY HAI\D 0 I 
0 20 0 0 0 0 
19 0 0 0 0 
16 0 0 0 
17 0 
16 0 0 0 
5 15 0 0 0 
N b H 0 
--' 
0 0 0 
00 13 0 0 0 0 
8 12 0 0 0 120 
'I II 0 0 0 0 
10 10 0 0 0 0 
II 0 0 0 0 
12 8 0 0 0 0 
13 0 0 0 0 
14 0 0 0 0 
15 0 0 0 0 
16 0 0 0 0 
17 3 0 0 0 
18 0 0 0 
1Y 0 0 0 0 
20 0 0 (/ 0 0 
LIOMAIN 50/50 
S fUDENT NUo1Bt.k 
TkUE SCORE 
6 
11.6620 
PRQ£;r,B I LiT ( [I',S i 0, 82•10 
PROBABILITf HARD 0.3422 
6 8 
0 0 0 0 0 0 
0 
10 II 16 10 
24 45 72 90 85 
18 79 199 31Y 25i' 314 
30 177 266 636 991 1301 
10 
0 
6 
58 
273 
II 
0 
0 
5 
:li 
162 
932 687 
12 
0 
0 
2 
12 
162 
429 
13 14 l'l 16 
0 0 0 0 
0 0 0 0 
0 0 0 
0 0 0 
32 26 0 0 
177 69 0 0 
14 146 591 12'14 ll'Jl 32YO <567 2107 1922 961 333 74 37 
0 516 739 1419 2514 4564 6358 5471 3844 2440 1109 2'16 148 
0 120 601 1662 3123 6\166 94\11 7'129 9010 4925 2763 1201 120 
0 0 461 \161 2883 6686 12013 140\16 11853 7526 4805 1602 601 
0 176 352 lOll 4053 4561 11100 12158 133\11 9515 9162 3700 1057 
0 0 0 160 1442 3204 6728 12\174 12\174 12334 7528 4966 144? 
17 
0 
0 
0 
0 
0 
0 
37 
0 
0 
0 
176 
320 
0 0 0 240 ~ ~ ~ ~ ~ M ~ ~ ~ ~ 
0 0 0 74 H 1m M ~ ~ ~ ~ ~ ~ 2\16 
0 0 0 0 74 185 407 1146 1516 3549 2772 2772 1552 665 
0 0 0 0 0 59 74 355 636 1124 1360 1094 672 222 
0 0 0 0 0 14 69 125 240 462 326 347 171 
0 0 0 0 0 26 55 ~l as 101 51 
0 0 0 0 0 0 0 5 II 17 17 13 
0 0 0 0 0 0 0 0 0 0 2 
0 0 0 0 0 0 0 0 0 i) 0 0 0 0 
18 l't 20 TOTAl. II 
0 0 0 0 
0 0 0 
0 0 0 73 
0 0 0 436 
0 0 0 11150 
0 0 0 5915 
0 0 0 14786 
74 0 0 2'1574 
0 0 0 430'l3 
160 0 0 64071 
0 0 0 70478 
0 0 0 04012 
120 120 0 46054 
144 146 0 2\1572 
74 74 0 14786 
104 15 0 5915 
1'1 9 0 1649 
2'i' 2 433 
5 0 72 
0 0 
0 0 0 0 
IUiw:k COOkF.CT 
Ei1S'I IIAI\D 0 I 
0 20 0 0 ~ () 
·~ 0 0 0 0 
18 0 0 0 
17 0 0 
16 0 0 0 
15 0 0 0 
N 14 0 0 0 0 
__, 
1.0 I 13 0 0 0 0 
8 I? 0 0 () 0 
9 II 0 0 0 0 
10 10 0 0 0 0 
II y 0 0 0 0 
12 II 0 0 0 0 
13 0 0 0 0 
14 0 0 0 
l'l 5 0 0 0 0 
16 0 0 () 0 
17 3 0 0 0 
18 0 0 0 0 
l'i 0 0 0 0 
20 0 0 0 0 0 
DOMAIN 50/50 
STUDENT NUMBER 
TRUE SCORE 
7 
12.0850 
PROBABILITY EASi 0,8400 
PROBABILJT"( HARD 0,3685 
9 10 II 12 13 14 15 16 17 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
14 12 14 l 2 0 0 0 0 
14 29 64 YO 43 73 40 21 10 0 0 
28 28 129 208 254 342 356 291 92 60 42 9 0 
15 5? 222 562 an tots t2Z7 680 7l9 325 118 15 0 15 
0 Ill 333 961 1552 2329 3105 2292 2107 1146 5?1 144 74 37 
• 74 o 444 ua3 2514 4953 6432 524'1 377u 3031 1111 511 74 0 
0 0 120 721 2523 5166 8170 9611 100?1 6007 3123 1321 601 0 
0 0 160 641 1922 4405 '12YG H256 12494 10572 5766 3524 '141 0 
0 0 176 529 2W 4053 6695 12334 15153 12158 8105 5462 1762 1233 
0 0 0 641 961 1281 6547 9290 11533 14096 11852 5284 2483 320 
0 0 0 120 0 1081 3244 6121 9130 IOJ~1 7U9 6728 2163 961 
0 0 0 0 0 144 1844 2661 3770 6210 5397 5471 3327 665 
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APPENDIX F 
Table 18 
(50/50 Easy/Hard) 
Number of misclassifications1 occurring when true score is 
estimated by each of the 15 procedures for item samples 
based on a 50/50 proportion of easy and hard items for 
four cut-scores (60%, 70%, 80%, 90%). 
Cut-Score 
Procedure 60% 70% 80% 90% 
1 1,389,357 1,919,465 1,759,569 962,607 
2 1,181,826 1,919,465 1,585,112 602,562 
3 1 '181 ,826 1,919,465 1,585,112 602,562 
4 1,389,357 1,919,465 1,759,569 962,607 
5 1,389,357 1,919,465 1,759,569 962,607 
6 1,158,651 1,919,465 1,585,112 610,131 
7 1,181,826 1,919,465 1,585,112 602,562 
8 1,181,826 1,919,465 1,585,112 602,562 
9 1,181,826 1,919,465 1,585,112 602,562 
10 1,181,826 1,919,465 1,585,112 602,562 
11 1,158,651 1,919,465 1,585,112 610,131 
12 1,158,651 1,919,465 1,585,112 610,131 
13 1,291,844 1,919,465 1,654,893 957,265 
14 1,389,357 1,919,465 1,759,569 962,607 
15 1,206,883 1,919,465 1,607,265 729,809 
1Number of observations for each procedure = 10,000,000. 
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Table 19 
(70/30 Easy/Hard) 
Number of misclassifications1 occurring when true score is 
estimated by each of the 15 procedures for item samples 
based on a 70/30 proportion of easy and hard items for 
four cut-scores (60%, 70%, 80%, 90%). 
Cut-Score 
Procedure 60~b 7 O~b 80% 90~b 
1 755,604 1,491,896 2,091,803 1,652,865 
2 512,073 1,219,050 2,091,803 1,202,640 
3 512,073 1,219,050 2,091,803 1,202,640 
4 755,604 1,491,896 2,091,803 1,652,865 
5 755,604 1,491,896 2,091,803 1,652,865 
6 411,173 1,188,820 2,091,803 1,270,257 
7 512,073 1,219,050 2,091,803 1,202,640 
8 512,073 1,219,050 2,091,803 1,202,640 
9 512,073 1,219,050 2,091,803 1,202,640 
10 512,073 1,219,050 2,091,803 1,202,640 
11 411,173 1,188,820 2,091,803 1,270,257 
12 411,173 1,188,820 2,091,803 1,270,257 
13 684,293 1,388,117 2,091,803 1,584,424 
14 755,604 1,491,896 2,091,803 1,652,865 
15 632,038 1,255,068 2,091,803 1,496,882 
1Number of observations for each procedure = 10,000,000. 
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Table 20 
(90/10 Easy/Hard) 
Number of misclassifications1 occurring when true score is 
estimated by each of the 15 procedures for item samples 
based on a 90/10 proportion of easy and hard items for 
four cut-scores (60%, 70%, 80%, 90%). 
Cut-Score 
Procedure 60% 70% 80% 90% 
1 259,254 682,120 1,545,643 2,571,303 
2 91,412 466,583 1,545,643 2,571,303 
3 91,412 466,583 1,545,643 2,571,303 
4 259,254 682,120 1,545,643 2,571,303 
5 259,254 682,120 1,545,643 2,571,303 
6 282,002 412,716 1,065,328 3,786,052 
7 91,412 466,583 1,545,643 2,571,303 
8 91,412 466,583 1,545,643 2,571,303 
9 91,412 466,583 1,545,643 2,571,303 
10 91,412 466,583 1,545,643 2,571,303 
11 282,002 412,716 1,065,328 3,786,052 
12 282,002 412,716 1,065,328 3,786,052 
13 222,991 597,554 1,549,008 2,473,230 
14 259,254 682,120 1,545,643 2,571,303 
15 222,991 597,554 1,549,008 2,473,230 
1Number of observations for each procedure = 10,000,000. 
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